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PREFACE. 


This  work  has  been  prepared  with  special  reference  to 
the  wants  of  students  in  Academies,  Seminaries,  and  Col- 
leges, aiming  to  furnish  just  that  information  which  will 
prove  most  useful  and  practical  in  their  future  employ- 
ments and  relations  of  life. 

The  great  general  principles  of  Chemistry,  and  the 
more  important  of  the  elements  and  their  compounds,  have 
been  accordingly  very  fnlly  discussed  ;  while,  on  the  other 
hand,  the  custom  adopted  in  many  text-hooka  of  enumer- 
ating and  describing  compounds  which  have  no  practical 
value  aud  little  scientific  interest,  has  been  disregarded. 

To  enable  the  student  to  understand  more  clearly  the 
relations  which  Chemistry  sustains  to  the  industrial  ope- 
rations of  the  age,  and  to  the  past  and  present  progress 
of  civilization,  greater  attention  has  been  given  to  the  his- 
tory of  the  science  than  has  heretofore  been  customary  in 
elementary  text- books. 

Special  care  has  also  been  taken  to  present  the  very  latest 
results  of  scientific  discovery  and  research,  in  this  country 
and  Europe,  and  to  take  advantage  of  the  most  approved 
methods  of  experimentation  and  instruction. 

An  unusually  large  number  of  illustrations  has  been 
introduced,  with  the  double  purpose  of  rendering  the 
study  of  the  science  more  intelligible  and  attractive  to 
the  pupil,  and  of  facilitating  the  instructions  of  teachers. 
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especially  of  those  not  enjoying  the  advantage  of  large  ap- 
paratus. 

In  respect  to  originality  the  author  makes  little  pre- 
teneion  hejond  the  arrangement  and  classification  of  suh- 
jects,  and  the  selection  of  illustrations.  Among  the 
authorities  to  which  he  is  especially  indehted  he  would 
mention  Faraday,  Prof.  Miller,  of  King's  College,  Lon- 
don, Graham,  KegnadlTj  and  Hates. 


New  Tohk,  Maj-,  1858. 
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PRINCIPLES  OF  CHEMISTRY. 


INTRODUCTION. 


1.  Matter  is  the  general  name  which  has  been  given 
to  that  substance  -which,  under  an  infinite  variety  of 
forms,  affects  our  senses.  We  apply  the  term  matter  to 
every  thing  tliat  occupies  space,  or  that  has  length, 
breadth,  and  thickness. 

The  forms  and  combinations  of  matter  eeen  in  tho  animal,  vegetable,  and 
mineral  kingdoma  of  nature,  are  numberless,  yet  tliey  aro  all  composed  of  a 
vorj  few  amplo  aubstaiieea  or  elements. 

2.  Simple  Substances. — By  a  simple  substance,  or  ele- 
ment, we  mean  one  which  has  never  been  derived  from, 
or  separated  into,  any  other  kind  of  matter. 

Sulphur,  gold,  silver,  iron,  oxygen,  and  hydrogen,  are 
examples  of  simple  substances  or  elements ;  and  arc  so 
considered  because  we  are  unable  to  decompose  them, 
convert  them  into,  or  create  them  from,  other  bodies. 

JJo  known  force  lias  yet  estracWd  any  tiling  from  sulphur  but  sulphur,  or 
from  gold  but  gold  ;  but  if  by  any  method  thcsa  substances  could  be  broken 
up  into  two  or  more  factors,  or  component  parts,  tliey  would  cease  to  be  re- 
garded aa  elementary. 

The  number  of  the  elements,  or  simple  substances,  with 
which  we  are  at  present  acquainted,  is  sixty-two. 

These  sitbstances  are  not  all  equally  distributed  over 
the  surface  of  the  eartli :  many  of  them  are  exceedingly 
rare,  and  known  only  to  chemists.  Of  the  whole  number, 
from  ten  to  fifteen  only  are  concerned  in  the  formation  of 
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10  TBlNCirLES     OF     CHEMISTRY. 

the  great  bulk  of  ail  the  familiar  objects  we  eco  around 
us. 

The  atmosphere  is  made  up  of  tivo— oxygen  and  njtrogen^ — with,  compar- 
atively BpetAing,  mere  traccB  of  carbon  anii  lijclrogoii:  two  of  tdeao,  again — 
oxygen  and  hydrc^en — give  riae  lo  water,  a  substance  covering  Uitee  fourths 
of  the  surEioe  of  our  plancti  wiiilc  tbo  great  rod:  maasea  of  the  earth,  are 
mainly  compoanda  of  eight  simplo  substances,  vIk.,  oxygen,  wlicoo,  alumin- 
ium, calcium,  potassium,  Bodiam,  chlorine,  and  iron.  In  tho  composition 
also  of  animal  or  vegetable  strueturus,  the  same,  or  a  still  greatar  siniplioily 
ia  observed. 

3.  Componnil  Bodies.— A  Compound  Body  is  one  that 
can  be  separated  into  two  or  more  elements,  or  Bimple 
eubstancea. 

4.  Atoms. — AH  matter  it  suppored  to  be  composeLl  of 
exceedingly  minute  particlei,  which  can  not  be  subdi- 
vided, or  separated  into  parts  &uch  ultimate  paiticles 
are  termed  Atoms, 

No  one  has  ever  seen  an  atom  no  one  his  ever  been  able  to  recognize 
through  the  agency  of  tho  sen»  e  a  portion  ot  mitter  so  amjJl  that  it  could 
jiot  in  some  way  be  made  smaller,  jet  the  ciidLnea  on  tins  subjeit  derived 
mainly  ftom  modem  investigatious  in  chemi'itrj ,  la  ol  such  a  character  that 
there  can  be  no  reasonable  doubt  that  all  matter  la  ultimately  composed  of 
indivisible  parts,  or  atoms.  Tho  nature  of  this  evidence  will  bo  mentioned 
hereafter. 

Simple,  or  elementary  bodies,  have  simple  atom<!,  and 
compound  bodies  comiK>und  atoms  The  atoms  of  each 
substance  undonI»tedIy  differ  in  weight,  and  miy  possibly 
differ  in  size  and  form. 

fflol'e-cnles.— We  use  the  term  Molecule,  or  Particle 
of  matter,  to  designate  very  small  quantities  of  a  substance, 
not  meaning,  however,  the  ultimate  atoms.  A  molecule, 
or  particle  of  matter,  may  be  supposed  to  be  formed  of 
several  atoms  united  together. 

The  extent  to  which  matter  cau  be  divided,  and  perceived  by  the  senses,  is 
most  wonderfiiL  A.  grain  of  musk  will  fill  the  au'  of  a  room  for  yeara  with 
fragrant  paitifles,  without  suffering  any  conaderable  loss  of  weight.  In  the 
manufacture  of  gilt  wire,  used  for  embroidery,  the  amount  of  goM  employed 
to  cover  a  foot  of  wire  does  not  exceed  tlie  720,l}00th  part  of  an  ounce. 
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The  manufacturcra  know  this  to  bo  a  fact,  and  regulate  the  price  of  their  wiro 
aocordingiy.  But  if  the  gold  which  covers  one  foot  1^  tho  f  20,000th  part  of 
an  ounce,  the  gold  on  an  inch  of  the  Bame  wire  will  be  only  the  8|640,000th 
part  of  an  ounce.  We  maj  diyida  tliis  inch  into  one  hundred  pieces,  and  jet  see 
each  piece  distinctly  without  the  wd  of  a  microacopo :  in  otlicr  words,  we  see 
llie  864,000,000th  part  of  an  ounce.  If  we  now  use  a  microscope,  magnifying 
five  hundred  times,  we  may  clearly  distinguish  ttie  433,000,000,000th  part  c^ 
an  ounce  of  gold,  cachof  whicli  parts  will  tie  found  to  have  all  tho  charactcrg 
and  qnatitiea  wiiich  aro  found  in  the  largest  masses  of  gold. 

Some  yeare  since,  a  distinguished  English  chemist  made  a  series  of  experi- 
ments W  determine  how  small  a  quantity  of  matter  could  bo  rendered  ris- 
ible to  the  eye,  and  by  selecting  a  peculiar  chemical  compound,  small  portions 
of  which  were  easily  discernible,  he  came  to  the  conclusion  that  he  could  dis- 
tinctly SCO  tho  biUiontli  part  of  a  grain.  This  quantity  may  he  represented  in 
figures  thus,  1,000,000,000,000,  but  the  mind  can  form  no  rational  conoeplioil 
of  it. 

5.  Porosity, — No  two  atoms  of  matter  are  supposed  to 
touch,  or  be  iti  actual  contact  with  each  other,  and  tho 
openings  or  spaces  which  exist  between  them  are  called 
Pokes.  This  property  of  bodies,  according  to  which  their 
atoms  are  thus  separated  by  -vacant  places,  is  called  Po- 
BOSITT. 

The  reasons  for  believing  that  the  atoms  or  particles  of 
matter  do  not  actually  touch  each  other,  are,  that  every 
form  of  matter,  so  for  as  we  are  acquainted  with  it,  can,  by 
pressure,  be  made  to  occupy  a  smaller  space  than  it  origin- 
ally filled.  Therefore,  as  no  two  particles  of  matter  can 
occupy  the  same  space  at  the  same  time,  the  space,  by 
which  the  size  or  volume  of  a  body  may  be  diminished  by 
pressure,  must,  before  such  diminution  took  place,  have 
been  filled  with  openings,  or  pores.  Again,  all  bodies  ex- 
pand or  contract  under  the  influence  of  heat  and  cold. 
How,  if  the  atoms  were  in  absolute  contact  with  each 
other,  no  such  movements  could  take  place. 

The  porosity  of  liquids  may  be  proved  by  mixing  l<^lher  equal  moasurea 
of  strong  alcohol  and  water ;  when  the  resulting  compound  will  be  found  te  oc- 
cupy considerably  less  space  than  its  two  constituents  did  separately: — in  other 
words,  a  gallon  of  eacli  liquid  mixed  will  not  form  two  gallons  of  compound. 

6.  Id  ertia.— Matter  of  itself  has  no  power  to  change  its 
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State,  or  form.  If  a  tody  is  at  rest,  it  can  not  of  itself 
commence  moving ;  and  if  a  body  I»e  in  motion,  it  can 
not  of  itself  stop,  or  come  to  rest.  Motion,  or  cessation 
of  motion  in  a  body,  or  any  other  change  of  its  condition, 
requires  a  power  to  exist' independent  of  itself. 

As  the  cause  of  all  the  changes  observed  to  take  place 
in  the  material  world,  we  admit'the  existence  of  certain 
forces,  or  agents,  which  govern  and  control  all  matter. 

7.  Porce  is  whatever  produces  or  opposes  motion  or 
change  in  matter. 

Causes  at  Cliange.— All  the  changes  which  we  observe  to 
take  place  in  matter  may  be  referred  to  the  following  Cimses, 
or  forces:— The  Attraction  of  Gbatitation,  Molecu- 
lar Forces — or  forces  acting  only  between  molecules,  or 
particles  of  matter  at  insensible  distances— Fobc'es  devel- 
oped through  the  agencies  of  Light  and  Heat,  the  At- 
tractive and  Repulsive  Forces  of  Electricity  and 
Magnetism— and  finally,  a  force  or  power  which  exists  only 
in  living  animals  and  plants,  which  is  called  Vital  Force. 

Concerning  the  red  nature  of -these  forces,  we  are  entirely  ignorant  We 
duppoac,  or  saj,  they  exist,  because  we  see  their  effects  upon  matter.  In  the 
present  state  of  science,  it  is  imposBible  to  know  whether  they  are  merely 
properties  of  matter,  or  whether  they  are  forms  of  matter  itself  existing  in 
an  exceedingly  minute,  subtile  condition,  without  weight,  and  diffused 
throughout  the  whole  universe.  The  general  opinion,  however,  among  sdcn- 
tiflc  men,  at  the  present  day,  is,  tJiat  these  forces,  or  ^ents,  are  not  matter, 
but  properties,  or  qualities,  of  matter. 

8.  Gravitation.— The  Force  of  Gravitation,  or  the  At- 
traction of  Gravitation,  ia  the  name  applied  to  that  force  by 
which  all  the  bodies  in  the  universe  at  sensible  distances 
attract  and  tend  to  approach  each  other.  Gravitation  dif- 
fers from  all  other  forces  in  the  fact  that  its  influence  is 
universal;  that  it  acts  at  all  times,  upon  all  matter,  and 
at  all  distances. 

The  force  of  graTitation  belongs  equally  to  the  smallest  atom  and  to  the 
lantest  world,  producing  those  attractions  which  bind  masses  of  matter  to- 

formaf  Dsturs.  Wbit  do  w;  know  conccrniT^  these  forces  T  What  ii  gTSTitaUtiD  t  Is 
the  force  of  grarttaiion  univorssl  f 
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getber,  and  resbict  the  motions  of  tlie  planets  to  rogular  orbits.  It  is  the 
force  wliioh  draws  a  small  body,  free  to  move,  toward  a  lai^r. 

Tciresttial  Gravitation  is  thiit  force  by  which  all  LodicB 
upon  the  earth  are  attracted  toward  its  center. 

The  measure  of  this  force,  or  the  strength  with  which 
a  body  upon  the  earth  is  attracted  toward  its  center,  is 
called  Weight, 

The  attraetive-foroe  which  tlie  earth  esorts  upon  a  body  ia  proportioned  to 
its  mass,  or  to  the  quantity  of  matter  contained  in  it,  and  as  wtight  is  merely 
the  measure  of  such  attraction,  it  follows  that  a  body  of  a  lai^  mass  will  ba 
attracted  strongly,  and  possess  great  weight,  while,  on  tho  contrary,  a  body 
made  up  of  a  small  quantity  of  matter,  will  be  attracted  b  a  leas  degree,  and 
possess  less  weight.  We  recognize  this  lUSereuce  of  bttraoUou  by  calling 
the  one  Ijody  heavy  and  the  other  light 

9,  Varieties  of  Force.  —  Mo-Iec'ular,  or,  as  they  are 
sometimes  called.  Internal  Forces,  are  distinguished  from 
all  the  other  Forces  which  act  upon  matter,  in  this  respect 
— that  they  act  upon  particles  or  molecules  of  matter  at 
immeasurably  small  distances  only. 

The  forces  developed  through  tho  agencies  of  heat, 
light,  electricity,  and  magnetism,  are  diverse  in  their  na- 
ture, and  affect  different  forms  of  matter  differently.  They 
differ  from  the  force  of  gravitation  inasmuch  as  their  in- 
fluence does  not  appear  to  be  universal  or  constant,  and 
is  apparently  limited  by  distance,  Theydiffer,  especially, 
from  molecular  forces,  inasmuch  as  their  influence  upon 
matter  is  exerted  at  sensible  distances. 

It  is  cot  at  all  certain  that  the  forces  which  act  upon  matter,  as  above  enn- 
meiated,  are  all  separate  and  independent.  Their  connection  with  each  otlier 
is  most  mtimate,  and  there  is  reason  for  l>elieving  that  some  of  thera  are  only 
different  manifestations  of  the  same  agent,  or  principle, 

10.  IHolecnlar  Forces,— Under  the  designation  of  molec- 
ular forces  are  especially  included  four  diffei-ent  manifes- 
tations of  force,  or,  as  they  are  usually  called,  varieties  of 


llariliee  Qf  molecolor  forwB?  Whit  »r=  the  peruliaril.Li 
«Ben«PB  or  light,  bB«U  clwtrtdtT,  i.ni  Tnams^tlsra?  h 
mcmtefl  are  all  independent  princlpleaf    Wbat  Bfe  ic 


HnjtcdbyCoOglc 


14  PRINCIPLES     OF     CHEMISTET, 

attraction.    These  are  Cohesion,  Adhesion,  Caf'illabt 
ATTRA.CTION,  and  AffiSity. 

Although  esBentially  differing  from  each  other,  these  forces  all  agreo  in  one 
remarkable  particular— and  that  is,  their  ioflucni^  upon  matter  is  exerted 
onl7  at  diatancea  wliidi  are  irameasurahle,  or  inaensible.  If  the  partidca  of 
a  body  aro  separated  from  each,  other  to  the  sl^htcst  appreciable  degree,  the 
inllaence  of  these  attractive  forces  ia  instantly  neutraliEcd  or  destroyed. 

11.  Cohesion,  or  Cohesive  Attraction,  is  that  force 
which  hinds  together  atoms  of  the  Biinie  kind  of  matter 
to  form  one  uniform  mass. 

The  force  whidi  holds  t^^thcr  the  atoms  of  a  mass  of  iron,  wood,  or  stone, 
ia  colieaioQ,  and  the  atoms  arc  said  to  cohere  to  each  other. 

The  eifort  required  to  break  a  subBtance  is  a  measuro 
of  the  intensity  or  strength  of  the  cohesive  force  exerted 
by  its  particles. 

When  the  Attraction  of  Cuhesion  between  the  particles 
of  a  substance  is  once  destroyed,  it  is  generally  impossible 
to  restore  it.  Having  once  reduced  a  mass  of  wood  or  stone 
to  powder,  we  can  not  make  the  minute  particles  cohere 
again  by  merely  pushing  them  into  their  former  position. 

In  some  mstancps,  however,  this  may  be  accomphshed  by  resorting  to  Ta- 
nous  txpLdicnts  Iron  iniv  bo  made  to  cohere  to  iron  by  heating  the  metal 
lo  a  hiffb  degree,  and  hammefmg  tlio  two  pieces  together.  The  particles 
are  thus  driven  mto  such  mtimate  contact,  that  they  cohere  and  form  ono 
uniform  moaa  This  property  la  called  WELSiha,  and  belongs  only  to  two 
metals,  iron  and  platinum. 

12.  idliesion,  or  Adhesive  Attraction,  is  that  force 
which  causes  unlike  particles  of -matter  to  adhei-e,  or  re- 
main attached  to  each  other  when  united. 

Dust  floating  in  the  air  stitka  to  the  wall  or  ceiling,  through  the  force  of 
adhesion.  When  we  write  on  a  waE  with  a  piece  of  chalk,  or  charcoal,  the 
particles,  worn  off  from  the  material,  stick  U>  the  wall  and  leave  a  mark, 
through  the  force  of  adhesion.  Two  piecea  of  wood  may  be  lastened  to- 
gether by  means  of  glue,  in  consequence  of  the  adhesivo  attraction  between 
llie  particles  of  the  wood  and  the  particles  of  glue. 

13.  Cap'illary  Attraetion  is  that  variety  of  molecular 
force  which  manifests  itself  between  the  surfaces  of  solids 
and  liquids. 
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Fig.  1. 


The  ordinary  deEnition  of  Cap'illary  Attraction  is,  tliat  form  of  attradioa 
which  oauacs  liquids  to  ascend  above  their  level  Id  capillary  tubes.  Thia,  how- 
ever, id  not  strictly  corracl,  aa  this  force  not  only  causes  an  elevation,  but  also 
a  depreaiioa  of  liquids  in  tubea,  and  is  at  work  wherever  fluids  are  in  contact 
with  solid  bodies. 

The  name  "  CapiUary  Attraction"  originated  from  the  cir- 
cumstance that  tliB  olasa  of  phenomena  was  first  observed  in 
small  glass  tubes,  the  bore  of  which  was  not  tliicker  than  a 
hair,  and  which  were  hence  called  CopiSary  Tubts,  from  the 
Latin  word  capiiivi,  whii^  signifies  a  liair. 

The  siniplest  method  of  exhibiting  capillaiy  attraction  is  to 
immerse  the  end  of  a  piece  of  thermometer  tube  in  water  (see 
Pig.  1)  which  iiaa  been  tinted  with  ink.  The  liquid  will  bo 
seen  to  ascend,  and  will  remain  elevated  in  the  tube  at  a  con- 
sideraljla  height  above  the  surlaee  of  the  liquid  in  tbe  vesscL 

The  height  to  which  water  will  rise  in  ca- 
jiillaiy  tubea  is  in  proportion  to  the  smallness  J 
of  their  diameters. 

This  is  clearly  shown  by  the 
Fio.  2.  following  simple  experiment   If 

,wo  plates  of  ghisa,  A  and  B, 
Fig.  2,  be  plunged  into  water 
bt  their  lower  extremities,  with 
ir  fkces  vertical  and  parallel, 
1  at  a  certain  distance  asun- 
der, the  water  will  rise  at  the 
points  m  and  n,  where  it  is  in 
contact  witli  the  glass;  but  at 
all  intermediate  points,  Ijeyond 
FIQ.-3.  ' 

If  the  two  plates,  A  and  B,  are  broughtncar 

to  each  other,  as  in  Fig.  3,  the  two  curves,  m 

,  and  n,  will  unite,  so  as  to  form  a  concave  sur- 

^  face,  and  the  water  at  tlie  same  time  between . 

■ them  will  be  raised  above  the  general  level,  & 

— - — -     and  D,  of  the  water  in  the  vessel.    If  the 

~~^        ~—  plates  be  brought  Elill  nearer  together,  aa  in 

Fig.  4,  the  water  between  them  will  rise  still  higher,  the  force  which  sustains 

the  column  being  increased  as  the  distance  between  the  plates  is  diminished. 

Illustrations  of  tapillary  attraction  are  moat  femiliar  in  the  experience  ol' 

every  .day  life.     Tlie  wick  of  a  lamp,  or  candle,  lifts  tlio  oil,  or  melted  greaae 


,g  pSon. 
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which  supplies  Iho  flamo  from  a  surfaco 
often  two  or  lliree  inclira  below  iho  poiat 
of  combustion. 

When  one  end  of  a  sponge,  or  a  lump  of 
sugar  is  brought  info  contact  with  w-ater, 
the  liquid,  by  capillary  attraction,  will  rise, 
or  so^  up  above  its  level,  into  tlie  interior 
of  tiio  sponge,  or  sugar,  unljl  all  its  porea 
are  iiUcd. 

14,  AfEiDity  is  that  variety  of  molec'ular  force  or  attrac- 
tion which  unites  atoms  of  unlike  substances  into  com- 
pounds possessing  new  and  distinct  properties. 

Oxygen,  for  example,  unites  with  iron,  and  forms  oxyd  of  iron,  or  iron- 
rust,  a  substance  poaaessii^  different  and  distinct  properties  from  eitlier  iron 
or  OTgyen.  In  Uke  manner,  oiygeo  and  hj-drogen,  two  gases  not  to  bo  dis- 
tinguished in  appearance  from  common  air,  nnitc  to  form  water,  a  liquid. 

When  the  particles  of  different  substances  are  united  togetlier  by  tbe  force 
of  afEnity,  the  compound  formed  possesses  properties  entirely  different  from 
that  of  its  constituents,  and  in  no  respect  resembles  a  mixture,  which  is 
merely  a  mechanical  union  of  bodies — as  when  salt  is  mixed  with  sand.  The 
Ibrcea  of  adheaioQ  or  capillary  attraction  may  closely  unite  unliko  particles  of 
matter  t<^ether,  but  tliey  do  not  effect  any  change  in  the  nature  or  properties 
of  the  particles  acted  upon.  AfBnity,  on  the  contrary,  entirely  changes  the 
properties  of  tho  unlike  particles  which  it  unites,  and  by  so  doing  produces 
combinations  which  possess  entirely  different  qualities. 

The  action  of  gravily  and  of  the  several  molecplar  (i>roes  may  be  illuatrntcd 
by  referring  to  a  particular  form  of  matter,  as,  for  example,  water.  The  force 
of  affinity  binds  t<^thor  the  atoms  of  the  elements,  oxygon  nnd  hydrogen,  to 
constitute  an  atom,  or  molecule  of  water ;  cohesion  unites  the  particles  of 
water  thus  fbrmeil  into  drops,  or  lai^or  masses;  adhesion  causes  tho  union  of 
water  with  the  surfaces  of  different  substances,  thereby  producing  the  pheno- 
menMi  which  we  call  "wetting;"  capillary  attraction  causes  water  to  rise 
aboTO  its  level,  or  "  soak  op"  as  it  is  termed,  in  a  sponge,  or  other  porous 
substance ;  while  the  force  of  gravity  causes  coherent  quantities  of  water  to 
&]1  as  rain,  or  to  move  down  inclintll  surfaces  in  the  form  of  rivers,  brooks,  etc. 

15.  Kepnlsion. — Inopposiiion  to  the  several  attractive 
forces  which  act  upon  mattpr,  a  repulsive  force  also  ex- 
ists, the  tendency  of  which  is  to  separate  the  particles  of 
matter  from  one  another. 


ICFulsr  foices  be 


HnjtcdbyGoOglc 


INTRODUCTION.  17 

!e  ezperieoced  in  attemptmg  to  compre^  a,  substanco  le  the 
result  of  the  opposition  of  the  repulbno  torce  whii-h  pervades  Oa  partidea 
and  the  efl'ort  required  to  effect  a  compreasioQ  is  a  caeasuro  of  the  mtecsity 
of  tha  repulsive  force. 

A  dew-ilrop  resting'  upon  a  leaf  la  not  in  actual  contact  with  its  sur&ce, 
bat  is  sustained  at  a  litllo  distance  abovo  it  by  (be  force  of  repulsion.  In- 
genious experimentation  has  pri  ved  that  when  two  glassoa,  one  slightly  con- 
vex and  the  other  flat,  are  placed  upon  each  other  and  pressed  togetlier  with 
a  force  of  1,000  peiinds  to  the  square  inch,  they  still  remain  at  a  distance, 
from  each  other  of  the  thickness  of  Uie  top  of  a  soap-bubblo  before  it  burala, 
or  at  least  l-4450th  of  an  inch.  If  we  compress  a  certain  quantity  of  gas,  as 
common  air,  and  then  allow  it  to  dilate,  by  removing  all  restnunt,  it  will  ex- 
pand without  limit,  and  fill  every  really  empty  space  which  ia  open  to  it. 
This  takes  pbce  through  tlie  agency  of  an  internal  repulsive  force,  which 
tends  lo  drive  the  particles  fiom  one  another. 

It  is  not  definitely  known  whether  Uie  repulsive  force,  which  appears  to 
influence,  under  certain  (areumstances,  tbe  particles  of  all  matter,  is  a  separate 
and  independent  principle,  or  whether  it  is  the  result  of  the  action  of  heat  or 
of  olectiicaty,  or  erf  both  these  forces  combined.  Ileal,  in  ila  influence  upon 
matter,  always  acts  as  a  repulsive  force,  and  is  always  opposed  to  the  influ- 
ence of  cohesion. 

16.  Elastieity. — That  property  of  bodies  known  as  Elas- 
ticity is  the  result  of  the  joint  action  of  the  repulsive  and 
attractive  forces ;  and  substances  are  said  to  be  more  or 
less  elastic,  according  to  the  facility  with  which  they  re- 
gain their  original  form  and  dimension  after  the  force 
which  has  compressed  or  extended  them  is  removed. 

17.  Three  Forms  o(  Batler.— According  as  the  attractive 
or  repulsive  forces  prevail,  all  bodies  will  assume  one  of 
three  forms  or  conditions — the  solid,  the  liquid,  or  the 
a'er-i-form,*  or  GASEOUS  condition. 

18.  Solids. — A  solid  body  is  one  in  winch  the  particles 
are  so  strongly  held  together  by  the  attractive  force  of 
cohesion,  that  the  body  maintains  its  form  or  figure  under 
all  ordinary  circumstances. 

If  the  force  of  cohesion  acted  exclusively  upon  matter,  every  substance 
would  possess  insuperable  solidity,  hardness,  and  tenacity. 
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19,  Liquids. — A  liquid  body  is  one  in  which  the  particles 
of  matter  are  held  together  bo  slightly  by  the  force  of  co- 
hesion that  they  move  npon  each  other  with  the  greatest 
facility.  ^ 

lIoncB  a  liquid  can  never  be  mado  to  assume  any  particular  form  except 
that  of  the  vesael  in  which  it  is  inclosed. 

20,  Caseous  Bodies. — An  a'er-i-form  or  gaseous  body  is 
one  in  which  the  particles  of  matter  ai-o  not  lield  together  by 
any  force  of  cohesive  attraction,  and  but  for  the  restrain- 
ing influence  of  the  force  of  gravity  would  entirely  sepa- 
rate and  move  off  from  one  another. 

A.  gaaaous  body  ia  generally  invisible,  and,  like  the  air  surrounding  us, 
affords  to  the  sense  of  touch  no  evidence  of  ita  esislenoe  when  in  a  state  of 
complete  repose,  Gaaeoua  bodies  may  be  confined  in  vessels,  Whence  they 
exclude  liquids,  or  other  bodies,  thus  demonstrating  their  existence,  though 
invisible,  aod  also  tlieif  impcnetrabiUty. 

21,  Change  of  Condit  ion, — Most  siibstancea  can  be  made  to  assume 
successively  tiie  form  of  a  solid,  a  liquid,  or  a  gas.  In  solid^  the  attractive 
force  13  tliQ  strongest ;  the  particles  keep  ^leir  places,  and  the  solid  retina  ita 
form.  But  if  we  heat  a  solid  hody,  asforexampleapieeeof  ice,  or  sulphur,  wo 
weaken  the  force  of  cohesion  which  binds  the  parliclea  together,  and  allow 
the  repulMve  force  U>  prevail;  the  parliclea  of  the  solid  thereby  become  mov- 
able upon  themselves,  and  we  say  the  body  melts,  or  becomes  liquid.    In 

d  repulsive  forces  are  nearly  balanced,  but  if  wa  sup- 
ply an  additional  quantity  of  heat,  wo  do- 
slroy  the  attractive  force  altogether,  and 
increase  the  repulsive  force  to  such  an  ex- 
that  the  liquid  assumes  the  form  of  a 
or  vapor,  in  whii^h  tlie  separate  par- 
ticles tend  to  fly  off  from  each  other.     By 
\  reversing  the  proeesa,  or,  in  other  words, 
by  withdrawing  the  heat,  we  can  duninish 
T  destroy  tiie  repulsive  force,  and  cause 
the  attractive  force  again  to  predominate— 
the  body  returning  to  its  former  conditions, 
first  of  a  liquid,  then  of  a  solid. 

The  power  of  the  repulsive  force  gen- 
erated by  heat  is  striliingly  iUnstrated  in 
conversion  of  water  into  Steam.     In  a  cubic  inch  of  water  converted  into 
m,  the  parades  wi^  repel  each  other  to  such  au  extent,  that  the  space 
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occupied  by  the  steam  will  bo  noo  times  greater  than  that  occupied  by  the 
water.  Fig.  5  illustrates  tha  comparative  diaerence  betwcon  the  bulk  of  steam 
and  the  built  of  water. 

23.  Ethereal  Condition. — Recent  mTestigationa  in  science  bavo  ren- 
dered it  pn)bable,  that  matter,  in  addition  to  tlio  tliree  separate  stales  or  eon- 
^ateniaes  in  whiUi  it  is  ordinajily  presented  to  us — solid,  liquid,  and  gaseous — 
exists  also  in  a  fourth  slate,  w-liich  is  called  the  ethereal.  It  is  supposed  that 
all  space— tliat  existing  between  the  planets  and  other  heavenly  bodies, 
equally  with  that  eiistmg  between  the  atoms,  or  mole<Tile3  of  every  sub- 
stance, even  the  most  dense — la  pervaded  by  an  extremely  rare,  imponder- 
able, and  highly  elastic  medium,  or  fluid  form  of  matter,  termed  EtUfiE. 
This  snbatancB,  like  air,  is  believed  Xo  be  capable  of  motion,  and  of  receiving 
and  transniitting  vibrations,  which  vibrations  by  their  action  on  the  ordinary 
forma  of  matter,  are  supposed  to  produce  Uie  phenomena  of  heat,  light,  clcc- 
tridty,  ete.,  in  the  same  manner  as  tiio  vibrations  of  air  occasioned  by  a 
sounding  body  produce  the  phenomena  of  sound. 

23.  Matter  Indestrnctihie. — All  tho  researches  and  in- 
vestigations of  science  teach  us  that  it  is  impossible  by  nat- 
ural operations,  to  either  create  or  destroy  a  single  particle 
of  matter.  The  power  to  create  and  destroy  matter  belongs 
to  tlie  Deity  alone.  The  quantity  of  matter  which  exists, 
in  and  upon  the  earth  has  never  been  diminished  by  the 
annihilation  of  a  single  atom. 

When  a  body  is  consumed  by  tire,  there  is  no  doatruetion  of  matter :  it  has 
only  changed  ita  form  and  position.  When  an  animal  or  v<^etable  dies  and 
decaj-a,  the  original  form  vanishes,  but  the  particles  of  matter,  of  wiiicli  it  was 
once  composed,  bavo  merely  passed  off  to  Ibrm  new  bodies  and  enter  into  now 

24  Force  Indestructible. — Recent  investigations  in 
science  seem  to  prove  that  force  is  equally  as  indestructible 
as  matter  ;  or,  in  other  words,  that  there  is  no  such  thing 
as  a  destruction  of  force  ;  consequently  the  amount  of  force 
in  operation  in  the  earth,  and  possibly  throughout  the 
universe,  never  varies  in  quantity,  but  remains  always  the 
same. 

Some  of  the  reasons  which  have  led  to  a  belief  in  the  indestructibility  of 
force  may  be  stated  as  follows : — 

The  only  mode  m  which  we  can  judge  of  the  existence  of  a  fhrce  is  from 
the  effects  it  produces,  and  of  these  effects,  that  wliich  is  the  most  evident  to 
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our  senaea  is  the  power  either  of  producing  motion,  of  arrestiug  it,  or  of  allur- 
ing its  directioQ :  wliatever  is  capable  of  eSectiDg  Uiese  results  ia  considered 
83  a  form  of  force.  Motion,  therefore,  may  be  considered  as  the  indicator  of 
force,  and  wherever  we  perceive  motion,  we  may  be  certain  that  some  force  ia 
operatmg.  Now  it  will  bo  found,  that  in  all  cases  in  which  work  is  performed 
— or,  to  state  it  in  other  words,  in  all  cases  in  which  force  is  exerted  and  ap- 
parently made  to  disappear — tJiat  it  has  expended  itself  either  in  setting  into 
action  some  other  force,  or  else  it  liaa  produced  a  definite  and  certjun  amount 
of  motion.  This  motion  when  used  wili  again  give  rise  to  an  equal  amount 
of  the  force  which  ori^nally  produced  it.  For  example,  we  burn  coal  in  the 
air ;  the  force  of  affinity  causes  tlie  particles  of  coal  to  unite  with  the  oxygen 
of  the  ail ;  the  coal  chai^;es  its  form,  and  a  quantity  of  heat  remains,  which 
heat  represents  the  chemical  force  expended.  The  heat  thus  dercloped  is  now 
ready  to  do  work ;  it  may  be  employed  in  converting-  water  into  steam,  and 
the  steam  bo  obtained  can,  through  the  medium  of  machinery,  be  applied  to 
the  production  of  motion.  Motion  may  again  be  made  to  produce  heat — as 
through  friction,  for  example — and  recent  experunents  seem  to  show  that  the 
amount  of  heat  so  developed  by  motion,  would,  if  collected  and  measured, 
prove  to  be  equal  in  amount  to  that  which  produced  the  motion,  Tlie  heat 
produced  by  motion  is  generally  dissipated  and  lost  for  practical  purposes,  but 
it  is  not  absolutely  lost  It  has  been  absorbed,  or  diffused  through  space,  or 
converted  into  some  other  form  offeree,  which  in  turn  takes  part  in  some  of 
tlio  great  operations  of  nature,  or  again  mmisters  to  tlie  wants  and  necessities 
of  mML  Jfumerous  other  facts  in  support  of  the  view  that  force,  like  matter, 
changes  but  is  never  destroyed,  might  bo  adduced.  The  subject  is  one  of 
great  interest,  and  has  a  practical  beajing  on  many  of  the  operations  of  chem- 
istry. 

25.  Classification  of  Forces,— All  tiiechangeswhichtakepUicein 
matter  through  the  agency  of  the  several  forces  which  act  upon  it  are  considered 
under  three  general  diviaons,  or  departments  of  sdence,  viz..  Physios,  or 
Natural  Philosophy,  Animal  and  Vegetable  Physiology,  and  Chemistry. 

26.  Nalutal  Philosophy.— Physics,  or  Natural  Philoso- 
phy, is  that  department  of  science  which  considers  generally, 
all  those  changes  and  phenomena  which  are  observed  to  take 
place  in  matter  through  the  agency  of  the  forces  of  gravi- 
tation, cohesion,  adhesion,  capillary  attraction,  molecular 
repulsion,  light,  heat,  electricity,  and  magnetism,  and 
these  several  forces  have  heen  termed  the  Physical 
Forces, 

27.  Physiology. — Animal  and  Vegetable  Physiology  is 
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department  of  science  which  treats  of  the  changes  and 
phenomena  observed  to  take  place  in  matter  through  the 
agency  of  the  vital  force. 

28.  Chemistry. — Chemistry  is  that  department  of  science 
■which  relates  exclusively  to  all  those  changes  and  pheno- 
mena which  take  place  in  matter  through  the  agency  or 
influence  of  the  force  of  affinity. 

29.  Chemical  Aelion.— Chemical  Action  is  the  term  used 
to  designate  all  thoso  operations — the  result  of  the  force  of 
affinity — by  which  Jhe  form,  solidity,  color,  taste,  smell,  and 
action  of  substances  become  changed  ;  so  that  new  bodies, 
with  (juite  different  properties,  are  formed  from  the  old. 

30.  Properties  of  Matter, — The  properties  which  char- 
acterize material  objects  in  general,  may  be  classed  under 
two  heads,  viz.,  physical  and  chemical  properties. 

Physieal.PropertifS. — The  Physical  Properties  of  an  ob- 
ject are  those  by  which  it  is  most  readily  defined,  or  dis- 
tinguished from  some  other  object.  The  form  of  a  body ;  its 
condition  as  a  solid,  a  liquid,  or  a  gas  ;  its  color,  hardness, 
tenacity,  and  its  relations  to  heat  and  electricity,  are  ex- 
amples of  its  physical  properties.  Physical  properties  are 
independent  of  the  action  which  the  body  exerts  upon 
other  bodies. 

Chemical  Properties. — The  Chemicid  Properties  of  a 
body  are  those  which  relate  essentially  to  its  action  upon 
other  bodies,  and  to  the  changes  which  the  body  either 
experiences  itself,  or  causes  to  take  place  in  other  bodies 
by  contact  with  them. 

The  phyaical  propertieB  of  such  a  substance  aa  sulphur,  are,  its  peculiar  odor, 
its  yellow  color,  its  brlttleneas,  its  crystalline  structure,  ila  specific  gravilj,  the 
facility  with  which  it  exhibits  electrical  attractioa  when  rubbed,  and  the  liko 
similar  qualities,  all  of  which  are  independent  in  a  great  degree  of  each  other, 
and  are  so  diatinctive  in  their  character  that  our  senses  inform  ufl  at  once 
that  the  substanee  in  question  is  sulphur,  snd  not  some  other  form  of  matter. 
■  e  chemioal  properties  of  sulphur,  it  would 
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be  neceesaiy  to  refer  to  those  opcrationa  by  which  the  body  becomes  changed 
and  loses  its  distinctivG  character— auoh  as  the  ease  with  which  it  takes  fire, 
its  iDsolubility  in  water,  and  ita  solubility  in  oil  of  turpentine,  and  the  ra- 
pidity with  which  it  onitea  with  iron,  silver,  copper,  nad  many  other  of  tha 
metais. 

Had  there  been  but  one  kind  of  matter  in  the  umverse,  it  could  haTo  poa- 
Besaed  only  physical  properties,  and  tho  laws  of  Natural  Philosophy  would 
have  expired  all  tlio  phenomena  and  changes  which  could  possibly  have 
taken  place  in  it.  As  the  character  or  eompoaition  of  this  one  form  of  mat- 
ter, moreover,  could  not,  under  the  circumstances,  have  been  changed  by  the 
action  of  any  difforont  substance  upon  it,  it  could  not  have  possessed  any 
chemical  properties,  and  no  idea  could  have  been  formed  by  an  ml«lligent 
being  of  any  such  department  of  knowledge  as  chenfistry. 

The  connection,  however,  between  Chemistry  and  Natural  Philosophy  is 
most  mtiraate;  and  all  chemical  changes  are  influen:«d  to  such  an  extent  by 
the  action  of  the  physical  forces,  that  a  knowlei^  of  the  principles  of  Nat- 
ural Pliilosophy  i3  requisite  for  a  proper  understaadlng  of  the  nature  of 
chemical  phenomena.  Especially  is  this  the  case  aa  respects  the  fbrcea  mani- 
fested through  the  agency  of  Heat,  Light,  Eleetrieity,  and  M^netism ;  and  a 
brief  review  of  these  subjects  is  generally  regarded  aa  a  necessary  introduction 
to  die  study  of  the  science  of  Chemistry,  The  first  part  of  this  work  is  there- 
fore devoted  to  a  consideration  of  the  nature  and  action  of  the  pbymcal  forces 
BO  lar  as  Jhey  are  concerned  in  producing  chemical  changes,  or  in  character- 
izmg  chemical  phenomena.* 


CHAPTER   I. 


ON   THE   CONNECTION    OF   GRAVITY,     COHESION,     ADHESION, 
AND    CAPILLARY    ATTRACTION   WITH    CHEMICAL    ACTION. 

SECTION    I. 


31.  Conneetion  of  Gravity  with  Chemicai  Phenomena.— 

The  influence  of  the  force  of  gravity  on  matter  is  never 
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affected  by  any  change  which  may  take  place  in  the  form 
or  conditioD  of  the  matter  itself. 

A  pound  oC  water  is  attracted  by  tke  infiueiiPB  of  gravity  toward  the  cen- 
ter of  the  earth  witli  a  cortain  degree  of  force,  and  aa  we^Lt  is  the  measure 
of  gravity,  we  expresa  the  esaet  amount  of  tliia  attractive  force,  bj  eaying 
that  the  water  weighs  a  pound.  If  wo  deprive  tiiia  particular  quantity  of 
water  of  heat,  iuffldeiit  to  Ireezo  a»d  convert  it  into  ice — a  Bohd — it  will 
still  weigh  a  pound ;  if  we  convert  the  same  quantity  of  water  into  Btcam  by 
the  addition  of  heal,  it  will  occupy  a  space  seventeen  hundred  times  greater 
than  before— yet  tbe  steam  produced  will  bo  attracted  by  tbo  force  of  gravity 
equally  with  the  water  irom  which  it  ia  denved,  and  will  continue  to  weigh  a 

As  the  action  of  grarily,  therefore,  is  never  suspended,  and  as  the  smalleat 
particle  of  matter  can  not  be  annihilated  by  any  operation,  we  are  enabled  to 
tiiat  tho  nccuracj'  of  every  chemical  process,  and  ascertain  the  true  composition 
of  bodies  by  proving  the  weight  of  tho  compound  to  be  equal  to  the  weight 
of  the  aubstanoea  which  produce  it. 

32.  Use  of  the  Balance. — The  balance  is  to  the  cLemisf; 
what  the  compass  is  to  the  naariner,  and  before  its  intro- 
duction as  a  means  of  verifying  experiments,  tbe  whole 
science  of  Chemistry  was  a  collection  of  disconnected  and 
separate  facts  and  theories. 

Until  wilhiu  a  comparatively  recent  period  it  was  supposed  that  common 
air,  or  gases,  did  not  possess  weight;  and  ibis  error,  which  was  necessarily 
accompanied  with  most  absurd  notions  respecting  tho  coQslitutiou  of  air  and 
gases,  prevailed  until  the  experiment  of  weighing  them  was  tried,  when 
they  were  found  to  be  attracted  by  gravlly  equally  wilh  all  other  kinds  of 

Less  than  a  hundred  years  ^o  it  was  generally  taught  and  believed  that 
when  a  body  was  burned,  a  portion  of  ita  substance  was  lost  Lavoisier, 
an  eminent  French  philosopher,  proved  the  contrary  by  carefiilly  burning  a 
body,  and  then  weighii^  all  that  was  left  unconsumed  by  the  fire,  and  all 
the  invimbie  products  that  escaped.  He  found,  that  mstead  of  there  ticing 
a  loss  of  matter,  there  was  a  gain,  and  thus  by  a  simple  esperiment  overthrew 
at  once  ideas  respecting  the  nature  of  fire  and  combustion  that  bad  prevailed 
for  centuries  previous. 

The  great  diatiocljon,  according  to  Professor  Liebig,  between  Chemistry  and 
Natural  Philosophy,  ia  that  the  one  weighs  and  the  other  measures. 

33.  Two  Great  Systems  of  Weights.— Two  great  systems 
of  weights  are  recognized  throughout  the  civilized  world  in 


QcmmoKs.— Give  an  illnBtmaon.  What  rel 
Hons  of  tbe  chemist  1  Wbst  fuitg  iUufltnlo  II: 
didcDveTlei  7    What  tvo  Bjscema  of  welghta  ox 
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Chemistry  and  in  all  other  operations.     These  are  known 
as  the  English  and  French  Systems. 

34.  The  English  Syslem  of  ffeighls.— The  smallest  de- 
nomination of  weight  made  use  of  in  the  English  System 
(the  one  generally  used  in  the  United  States)  is  a  grain. 
The  Parliament  of  England  .passed  a  law  in  1286,  that 
32  grains  of  wheat,  well  dried,  should  weigh  a  penny- 
KL;ight.  Hence  the  name  grain  applied  to  this  measure 
of  weight. 

It  waa  afterward  ordered  that  a,  pennyweight  should  be  divided  into  only 
2-1  gr^na.  GriuQ  welgtits  tbr  practical  purposes  are  made  by  weighing  a  tliia 
plata  of  metal  of  uniSjrm  thickneaa,  and  cutting  out,  by  measurement,  such  a 
proportion  of  tlie  whole  as  will  weigh  one  gr^u.  In  a  like  manner,  weights 
may  be  obtained  for  chemical  porpoaea  which  weigh  only  Ito  l,OO0tb  part  of 
a  grain. 

Seven  thousand  grains  constitute  a  pound  avoirdupois, 
and  from  this  pound  all  measures  of  capacity  have  been 
derived  by  Act  of  the  English  Parliament. 

Thus  3.  standard  gallon  ia  by  law  as  much  diatillfd  water  as  will  weigh  ten 
pounds,  or  70,000  grains;  End  a  measure  holding  exactly  this  quantity  of 
water  ia  a  gallon  measure.  Ey  aubdividing  the  gallon  we  obtan  siualler 
measures,  quarts,  pints,  etc 

35.  FreaEh  System  of  Weights.— The  French  System  of 
Weights  is  constructed  on  a  different  plan,  and  is  distin- 
guished for  its  great  simplicity — all  its  di    s  ons  he  ng 
made  by  ten.     It  is,  therefore,  sometimes  called  the  de 
mal  system. 

On  the  continent  of  Europe  this  system  of  weights  is  aim  un  rsa  y 
adopted  for  all  sdenlJSc  operations,  and  is  gradually  being  m  red  Led  to 
England  and  the  United  States.  It  is,  therefore,  highly  imp  rtan  b  e 
prindples  upon  which  it  is  based  should  be  understood. 

The  basis  of  the  French  System  is  an  invar  dble  I  men 
eion  of  the  globe,  viz.,  a  fourth  part  of  the  ea  th  s  me  1 
ian,  or  a  fourth  part  of  a  circle  passing  round  the  earth 
(lengthwise),  and  intersecting  at  the  poles. 


recognized  [a  tta  EngiiBh  System?    Whal 
oach  BjBteoi  usad  !    Wiiit  is  its  biaiaJ' 
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Fig.  e.  "nio  circle  H  E  S  TT,  Fig.  G,  repreacnta  a 

meridian  of  lio  earth ;  and  a  Iburth  part  of 
Ih  a  circle,  or  the  distance  N  E,  constitutes 
fliu  Jimenaion  on  wbidi  the  French  Syatcm 
ia  foiiiiJcJ. 

This  distance,  which  was  accu- 

E  rutuly  measured,  is  divided  into 

I  ten  million  equal  part8  ;   and  a 

single  ten  millionth  part  adopted 

I  as  a  measure  of  length,  and  called 

a  metre. 

A  metre  is  about  three  feet  and  a  quarter 
English  inches.  By  multiplying  or  dividing  tl 
Bnd  smaller  meaaurea  of  length  areobtiuned.  Foricdicntii^  meaauros  smaller 
than  a  metre,  Latin  terms  are  used ;  for  indicating  measures  larger  than  a 
metre,  Greek  terms.     Thus — 


1  length,  or  about  thirty-nine 


Bnuaiar  Ucasurei. 
Uetre. 

Decimetre  ^  1-lOth  metre. 
Centimetre—  l-lOOth  metre. 
Millimetre  =l-1000tli  metre. 


Metre. 


Hectoraetre^—  100  n 
Kilometre  —  1,000  n 
Myiiametre^X  0,000  n 


B  foUow- 


The  syBtem  of  weights  was  formed  from  m 
ing  manner.  A  box,  in  tlie  form  ofa  cube,  was  taken,  measuring  ono  centi- 
metre in  every  direction.  Ttiia,  filled  with  distilled  water  at  ita  greatest 
density  (at  a  temperature  of  39°  Falirenhoit's  tliennometer),  was  taken  as  tlio 
unit  of  the  dedmal  weights,  and  called  a  gramm^ — a  quantity  equal  to  about 
fifteen  English  grains.    Tlie  gramme,  multiplied  and  divided  by  ten,  ^vea  all 


the  other  larger 

r  smaller  weights.     Thus— 

Gramme 

r  WetghM. 

Larger  W 

lights. 

Cent  "ram 
MiUjramm 

—  1-lOth  gramme. 

—  1-lOOth  gramme. 
■-'t-liOOOih  gramme. 

Decagramme  ^ 
Hectogrammes- 
Kilogramme   =  1 

10  grnmmes. 
100  grammes. 
OCO  grammes. 
090  era"™sa. 

The  ki]<^amme  eorresponda  in  ita  us 
the  Ei^llah  pound.    Ita  weight  is  equa 

e  in  all  commcrdal  transactions  with 

.p.=no=no 

.»™ 

f  length  derlvi^d  from  the 
ureaoftaBttf    What  Is 

a  KUl^ramme? 

stem  of  irelshts  dn- 
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3G.  Conslruelion  of  Fm.  ;. 

Ilie  Balance.— The  bal- 
ance used  for  all  deli- 
cate clieraical  experi- 
inents  is  constructed  in  ; 
the  most  peifect  man- 
ner. The  point  of  sup- 
port of  the  beam  (see  Fig.  7)  ia  a  wedge  of  hardened 
steel  with  a  sharp,  knife-like  edge,  which  rests  upon  a  flat 
])late  of  polished  agate.  The  points  of  support  of  the  two 
scale-pans  are  often  constructed  in  a  similar  manner. 

In  all  nice  experiments  the  balance  must  be  screened  from  curronls  of  air, 
and  tho  bodies  weighed  must  have  nearly  the  same  temperature  as  tlmt  of  the 
surrounding  atmosphere — otherwise  cnrrenta  of  air,  aaceDdir^  and  deseeudicg, 
will  be  produced,  which  will  impair  the  accuracy  of  the  weight 

Balances  are  at  the  present  time  constructed  for  chemicid  operations,  so 
delicate  and  exact,  that  they  are  able  to  indicate  the  weight  of  a  thousandth 
part  of  a  grain. 

For  tlie  e^cperimcnts  described  in  this  book,  a  common  apothecaries'  balance 
is  all  that  is  requisite. 

31.  IVeigUt  Compared  with  Bulk.— If  equal  bulks  of  matter  ot 
different  kinds  be  compared  together,  they  will  lie  found  to  differ  greatly  in 
weight.  Platinum,  the  heaviest  hody  known,  is  upward  of  200,000  times  as 
dense,  bulk  fbr  bulk,  as  hydrogen. 

Specific  GrsTlly, — The  specific  gravity,  or  specific  weight 
of  a  body,  is  its  weight  as  compared  with  the  weight  of 
an  equal  bulk  of  some  other  substance,  assumed  as  the 
standard  of  comparison. 

Absolute  Weight. — The  absolute  weight  of  abody  is  the 
weight  of  its  entire  mass,  considered  without  any  reference 
to  its  bulk,  or  volume. 

The  weight  of  a  body,  as  determined  by  the  ordinary  process  of  weighing, 
is  its  absolute  weight. 

Pure  water,  at  a  temperature  of  60'  Fahrenheit,  has  been  selected  as  tlio 
standard  ibr  comparing  the  weights  of  equal  bulks  of  different  solids  and 
Lquids ;  and  common  air,  dry,  and  at  a  temperature  of  60°  Fahrenheit,  and 
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30  Inebea  pressure  of  the  barometer,  as  the  standard  for  comparing  Ibo  woishts 
of  equal  Tolumes  of  diiferent  gases  and  vapors. 

AtlcntioQ  is  given  to  temperature,  and  to  tho  pressuro  of  the  atmosphere, 
because  tbe  bulk  of  oU  substances  seusiUf  varies  wiUi  changes  in  these  coq- 
ditions. 

Water  having  been  eelectoil  as  tbe  standard  of  comparison,  tlie  question  to 
be  settled  m  the  determination  of  tbe  specific  gravity  of  a  body  is  wmply  ttiis 
— how  much  heavier  or  ligbl«r  ia  a  given  bulk  of  a  substanec,  tban  an  equal 
bulk  of  water?  Tbe  solution  of  the  problem  may  be  found  by  the  following 
general  rule : 

38.  Weigh  first  tbe  body  in  air,  and  afterward  weigh  it 
when  8Usp3nded  in  water.  It  wilt  be  observed  to  weigh 
less  in  water  than  in  air.  Subtract  the  weight  in  water 
from  the  weight  in  air,  and  divide  the  weight  in  air  by 
the  difference ;  the  q^uotient  will  be  the  specific  gravity 
required. 

This  rule  is  based  upon  the  feel,  that 
a  solid  wben  weighed  in  water  loses 
weight  equal  to  the  water  it  displaces  i 
and  tbe  bulk  of  tbe  water  displaced  is 
ex.ictly  equal  to  its  own. 

Suppose  a  piece  of  gold  weighs  in  the 
air  19  grains,  and  in  water  18  gr^ns; 
tho  loss  of  weight  in  water  will  be  1 ; 
19-i-l='19,  the  spceifie  gravity  of  gold. 


Kg.  t 
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the  balance  for  taking  specific  ( 
and  the  manner  of  suspending  the  body 
in  water  from  tbe  scale-pan,  or  beam, 
by  means  of  a  fine  thread,  or  hair. 
39.  The  specific  gravity  of 
"liquids  is  easily  determined  in 
the  following  manner.  A  bottle  capable  of  holding  exr 
actly  1,000  grains  of  distilled  water  ia  obtained,  filled  with 
water,  and  balanced  upon  tho  scales,  Tbe  water  is  then 
removed,  and  its  place  supplied  with  the  liquid  whose  spe- 
cific gravity  we  wish  to  determine,  and  the  bottle  and  con- 
tents again  weighed.  The  weight  of  the  fluid,  divided  by 
the  weight  of  the  water,  gives  the  specific  gravity  reqiiired, 

QoESTioHB.— WTiiit  are  the  sltndards  of  ipeciflo  Eiavltr  f    Hoir  may  the  spedHo  griLTlty 
cf  HDlilBbeilfterminoElt  UponntaitpilndpiB  is  tbUrule  founded^  Uow  mar  the  ipedfia 
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Thus,  abottleholtlingl,000grain3ofdiatilled  water,  will  hold  1,845  grains 
of  aulphuiic  acid ;  1, 845 -t- 1,00 0—1.845,  the  speciae  gravity  of  aulphurio  acid  | 
or  this  liquid  is  1.845  times  heavier  than  an  oqual  bulk  of  water. 

t.  The  specific  gravity  of  liquids  pay  also  bo  ohtained  without  the  aid  of 


a  balance,  by  vs 


1  instrument  called  the  Hybrometkb. 

The  aydro'meler.—TIiiseonsistBof  a  hol- 
low glass  tube,  on  the  lower  part  of  which 
a  spherical  bulb  ia  blown,  the  latter  being 
filled  with  &  suitable  quantity  of  small 
shot,  or  quicksilver,  in  order  to  cause  it 
to  float  in  a  vertical  position.     The  upper 
part  of  the  tube  contains  a  scale  gradu- 
ated into  suitable  divisions.    (See  Fig.  9.) 
It  is  obvious  that  the  hydrometer  wilt  siiik  to  a  greater 
or  less  depth  in  ditfurent  liquids ;  deeper  in  the  lighter 
ones,  or  those  of  small  specific  gravity,  and  not  so  deep 
«  which  are  denser,  or  which  have  great  specific 
s  gravitj'.    Tlie  apccifio  gravity  of  a  liquid  may,  therc- 
i  fore,  be  estimated  by  the  number  of  divisions  on  the 
scale  which  remain  above  the  surJhee  of  the  liquiA 
Tables  are  constructed,  so  that,  by  their  aid,  wlien  the 
number  on  the  scale  ai  wliich  the  hydrometer  floats  in  a  given  liquid  is  de- 
tormmod  by  experiment,  the  speeifle  gravity  is  expressed  by  figures  in  a  coi- 
uron  directly  opposite  that  number  in  the  table. 

The  liquid  whose  speeific  gravity  is  to  be  determined,  is  nsuallj,  for  convo- 
meQC6,placedinanarrow  vessel  or  jar  (see  Fig.  9),  and  the  zero  point  on  tho 
Bcale  of  tho  hydrometer  is  always  placed  at  tliat  point  where  the  instrument 
will  float  tn  pure  water.  The  numbers  on  the  scale  read  either  up  or  down, 
according  as  the  liquid  to  be  tested  ia  either  heavier  or  lighter  than  water. 

For  the  testing  of  aJeohol  and  spirituoua  liquors,  a  particular  fbrm  of  ]iy- 
drometer  is  used,  called  the  "  alcoholo'mcter."  This  is  so  graduated  as  to 
indicate  the  number  of  parts  of  pure  alcohol  in  a  hundred  of  liquid ; — perfectly 
pure,  or,  as  it  ia  called,  "  absolute"  alcohol,  being  100,  and  pure  water  1. 

In  the  arts,  a  French  hydro'meter,  known  aa  Beaumi's,  and  an  English  in- 
stmment  known  as  TwaddcU's,  so  called  from  their  makers,  are  much  used. 
Dealers  and  manufacturers  of  spirituous  liquors,  syrupa,  oils,  leys  Cor  soap- 
roaking,  etc.,  in  buying,  selling,  or  compounding,  are  accustomed  to  indicate 
Uie  strength  or  quality  of  their  products,  by  saying  that  they  stand  at  so  many 
degrees  Beaume,  or  TwaddelL 


minal  by  tbu  hydrome 


HnjtcdbyGoOglc 


COHESION.  29 

The  practical  value  of  the  hydronietsr  io  the  aria  a3  a  labor-saving  inven- 
tion, is  very  great  The  soap-malier,  by  dipping  tlie  instrument  inw  his  ley,, 
and  noUdt^  the  point  at  which  it  floats,  knows  at  once  by  experience  whether 
it  ia  of  sufficient  strength  to  convert  his  grease  into  soap;  the  salt-Y)oiler,  by- 
alike  ot>Hervation,  is  enabled  to  judge  how  long  hia  brine  must  be  boiled  bo- 
fore  salt  will  deposit  at  the  bottom  of  his  kettles ;  and  the  bleacher  has  in  a 
like  manner  a  sure  check  against  the  use  of  bleaching  liqaorB  of  stretigth  suf- 
ficient to  damage  his  fabrics.  So  in  very  many  other  industrial  prooessea  also 
the  hydrometer  is  equally  useful. 

41.  Speeifie  Gravity  of  Ga^esi— In pnnciplo,tLe  method 
of 'determining  the  specific  grarity  of  gases  is  the  same 
as  that  used  in  the  case  of  solids.  A  flask,  or  globe,  is 
first  weighed  empty,  then  when  filled  with  air,  and  a  tbird 
time,  when  the  gas  whose  specific  gravity  is  sought  for, 
has  been  substituted  for  air.  The  difierence  between  these 
respective  weights  furnishes  the  data  for  calculating  the 
specific  gravity  required. 

42.  The  specific  gravity  of  a  body  constitutes  ono  of  its  moat  important  and 
distinguishing  physical  characteristics.  Thus,  for  instance,  the  mineral  known 
as  iron  pyri'tfls  resembles  gold  in  color  bo  closely,  that  it  is  often  mistaken 
by  the  unakiUod  for  that  metal.  It  may,  however,  be  at  once  distinguished 
from  gold  by  the  difference  in  specific  gravity,  an  equal  hulk  of  gold  Iwing 
nearly  four  times  as  heavy, 

SECTION    II. 

43.  Cohesion  aod  CliemitHi  Aclion.— The  force  with 
which  like  particles  of  matter  are  held  together  by  the  in- 
fluence of  cohesion,  or  what  is  termed  the  "  strength  of  ma- 
terials," although  of  great  importance  in  all  the  operations 
of  the  mechanic,  the  engineer,  and  the  architect,  has  com- 
paratively little  to  do  with  Chemistiy.  Variations,  how- 
ever, in  tlie  cohesion  and  allegation  of  the  particles  of 
a  particular  substance,  modify,  to  a  considerable  extent,  the 
nature  and  rapidity  of  chemical  action  upon  it, 

ITius  gunpowder,  for  example,  when  in  the  form  of  a  hard  cake,  or  as  fino 
dust,  burns  comparatively  slowly,  as  in  what  is  tenned  a  slow  match,  or  fiise ; 

OntBTioNB.— Explain  tho  practical  valuB  of  the  hydrometer  a>  a  tahoc-aavlng  (rpedictit 

BUnce  one  of  lis  importiat  iharaereriHllci  t    What  is  Ihe  reUlioa  ol  the  force  of  cohertm 
to  diendcal  notion  7 
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but  In  tho  form  of  fine  gr^ns,  each  portion  quickly  igcitea,  and  an  almost  in- 
slantaneous  explosion  occurs. 

As  a  general  rule,  the  cohesion  of  a  body  diminishes  as 
its  temperature  increases.  A  lieated  Hc[uid  forms  smaller 
drops  than  a  cold  one.  Sulphur,  of  all  bodies,  ia  an  ex- 
ception to  this  rule,  its  consistency  increasing,  after  melt- 
ing, as  its  temperature  rises. 

Ia  liquids,  notwithstauding  the  freedom  with  which  their  particles  glids 
over  each  other,  there  still  exists  an  appreciable  amount  of  cohesion.  This  ia 
flhoivn  by  the  feet  that  every  detached  drop  of  a  liquid,  as  a  dew-drop  upon 
a  Ica^  alwaya  assumes  a  rounded  form — a  globe  or  sphere  bcmg  tho  ^ure 
which  will  contain  the  greatest  amount  of  matter  within  a  given  surface. 

This  influence  of  cohesion  is  beautifully  shown  in  the  case  of  two  hquida 
which  do  not  mix  with  each  other,  but  which  have  precisely  tho  same  specific 
gravity,  as  is  the  case  with  oil  and  alcohol  of  a  certain  degree  of  dilution. 
If  a  little  oil  be  poured  into  weak  alcohol,  it  remains  suspended  within  it  in 
the  Ibrm  of*  perfect  spherical  mass.* 

44.  Limpidand  Vls'tons  Liqnids. — Liquids,  according  to 
the  difference  of  cohesive  force  which  exists  among  their 
particles,  have  received  the  distinctive  names  of  limpid 
and  vts'cous. 

Limpid  Liquids  are  those  which,  like  other,  alcohol,  etc., 
display  great  mobility  of  their  particles.  Bubbles  pro- 
duced in  such  liquids  by  agitation,  quickly  rise  to  the  sur- 
face, break,  and  disappear. 

Vis'eous  Liquids  are  those  in  which  the  particles  are  held 
together  so  strongly,  by  the  force  of  cohesion,  that  thoy 
move  sluggishly  upon  one  another.  Oil,  syrup,  gum- 
water,  etc.,  are  examples  of  viscous  liquids. 

*  Tbis  Hjierlm^nt  niar  be  eiicctsBflilli'  and  ensllf  pcrfomied  by  tli«  tencher  in  Ihe  fol. 
itrone  Blcohol ;  if  we,  tiietefore,  pour  >  portian  at  alcobol  into  i  glaHS,  »nd  put  In  a  glc- 
farm  of  >  flaitened  spheroid.  If  U  noir  add  >  Uttle  inter,  tnd  mil  it  cirefull;-  wilh  tlia 
Hie  spirituous  medinm  md  present  less  Bitneis,  »nd  by  eonannifig  te  carefully  add  waler. 


reetnfluance  the  psrtieles  of  liquids?    Wily  is  a  dev^drop  ephericsl  in  sluper 
idedt    Wliat  is  R  limpid  Uquid  t    What  is  h  viscous  liquid  ? 
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45.  Variations  of  lioliesion  in  Solids. — Those  proper- 
ties of  solid  bodies  whicli  we  denominate  hardness,  soft- 
iiesSj  brittleness,  malleability,  and  ductility,  are  occasioned 
by  variations  of  the  cohesive  force.  The  cause  of  these  va- 
riations, or  the  reason  why  one  metal  siiould  be  mallcahle 
and  another  ductile,  or  why  the  same  substances  should 
possess,  under  differeut  circumstances,  different  degrees  of 
hardness,  is  not  fully  understood. 

The  most  trifling  variationa  in  tho  external  circumstances  to  which  a  body 
ia  subjected,  will  oiten  produce  the  most  extraordinary  difiereoccs  in  its  har- 
ness, britHeness,  dactility,  and  malleabili^.  A  piece  of  steel  slowly  coole'l 
fi-om  a  red  beat  is  soft,  and  may  be  eaaQy  cut  with  a,  Sle,  or  stamped  with  a 
die  i  bat  the  same  piece  of  steel,  if  heated  to  redness  and  suddenly  cooled, 
becomes  extremely  hard,  and  as  brittle  aa  slasa.  Gold  is  one  of  the  most 
ductile  of  metala,  but  if  a  mass  of  melted  c^--.  bo  exposed  to  the  mere  fumes 
ofandmony,  it  loses  its  ductility  altogether* 

46.  Hardness.— The  hardness  of  a  body  is  measured  by 
its  power  of  scratching  other  substances. 

The  variations  in  the  degree  of  hardness  presented  by 
different  bodies,  often  furnish  the  mineralogist  and  chem- 
ist with  a  valuable  physical  test,  by  which  they  are  en- 
abled to  distinguish  one  mineral  from  another.  For  the 
purpose  of  facilitating  such  comparisons  a  tabic  has  been 
constructed,  hy  tailing  ten  well-known  minerals,  and  ar- 
ranging them  in  such  a  way  that  each  is  scratched  by  the 
one  that  follows  it.  Such  a  table  is  known  as  the  Scale 
of  Hardness ;  and  by  comparing  any  unknown  mineral 
with  this  scale,,  its  comparative  degree  of  hardness  may 
be  at  once  determined. 

For  example,  suppose  a  hody  neither  to  scratch  nor  to  bo  scratched  by 
pure  quartz,  or  rock  crystal,  which  is  Na  1  of  the  table,  its  hardneaa  is  said 
to  bo  1 ;  it;  however,  it  sliould  aoratoh  quarta,  and  not  scratch  the  topaz, 
which  ia  No.  8  of  the  table,  ita  hardness  would  be  B^d  to  be  between  7  and 
e.  Very  many  different  minerals  have  tho  same  ejrtemal  appearance,  and  by 
the  aght  alone  can  not  be  distinguished  from  each  other ;  but  by  the  employ- 
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it  of  this  test,  a  di£fercnoe  in  their  phyaieal  or  cliemioa!  composition  maj 

SECTION    III. 


47.  Adbcsioti  and  Chcmieal  Action.— The  force  of  ad- 
nesion  is  exerted  between  Bubstances  in  every  form  or 
condition.  When  it  occurs  between  solids,  it  is  the  prin- 
cipal cause  of  that  resistance  to  motion  which  is  termed 
friction. 

As  a  general  rule,  friction  is  greater  between  surfaces 
of  the  same  substances  than  between  those  of  unlike  sub- 
stances. Thus  an  iron  axle  moving  in  an  iron  box  or 
socket,  experiences  a  f^reater  amount  of  friction  than  if 
revolving  in  a  brass  socket. 

We  reduce  the  amount  of  friction  between  two  suriacea  by  interpoainR  somo 
substances,  like  greaae,  oil,  black-lead,  etc.,  the  particles  of  wbich  liaTO  voiy 
litlJe  cohesion. 

The  valuable  properties  of  cements  and  mortars  depend 
entirely  upon  the  operation  of  the  force  of  adhesion.  The 
fact,  also,  that  different  kinds  of  cement  are  required  for 
joining  together  different  materials,  proves  that  adhesion 
acts  with  varying  degrees  of  force  between  different  kinds 
of  matter, 
TLua,  glue  or  gum  may  be  used  for  joining  pieces  of  paper  or  wood,  but 
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t;ioy  will  not  answer  for  cementing  glass  or  china  j  while  for  the  union  of 
marble,  brick,  or  aktoe,  a  cement  containing  limo  is  required. 

Grenerally,  the  force  of  adhesion  is  inferior  in  strength 
to  the  force  of  cohesion  :  l>ut  in  eomc  instances  the  oppo- 
site is  truer 

Thas,  in  detaching  glue  from  tlio  surface  of  wood,  it  not  unfrcquently  hap- 
pens thit  portiooa  of  the  wood  are  torn  off  by  the  glue,  on  account  of  the 
force  of  adhesion  between  the  two  bodioa  proving  stronger  tlion  tlio  force  of 
cohesion  between  tlio  particles  of  the  wood. 

The  property  of  water  to  adliaro  lo  solid  suriiK^a  and  wet  them,  and  the 
rapid  diffusion  of  a  drop  of  oil  over  tho  surEico  of  water,  are  illustrations  of 
t'le  force  of  adbe^on  between  soUds  and  liquids,  and  between  dilTereiit 
liquids. 

Some  cxperiraenla  acem  to  show  that  Ihe  force  of  adhesion  may  even  OTor- 
come  the  force  of  affinity  under  some  circ  imstanccs.  Thus,  when  vinegar 
is  Altered  through  pure  quartz  sand,  the  flrst  portion  that  runs  through  is  de- 
prived of  nearly  all  ita  acid,  and  the  vinegar  will  not  pass  through  unchanged 
until  the  aand  has  become  diarged  with  acid. 

48.  Surface  Action. — As  adhesion  takes  place  solely  be- 
tween the  surfaces  of  bodies,  it  is  evident  that  whatever 
circumstances  alfect  surface  must  essentially  influence  the 
exertion  of  the  force  of  adhesion.  It  has  accordingly  been 
found  that  by  minutely  subdividing  a  body,  and  thus  in- 
creasing its  extent  of  surface,  we  genentlly  increase  the 
effect  of  adhesion. 

Aoubio  inch  of  matter  cut  into  little  cubes,  each  l-2400th  of  an  inch  on 
the  edge,  will  exhibit  a  surliioe  of  exactly  1 00  square  feet. 

All  pulverized  bodies,  by  reason  of  their  groat  exttiit  of  snrlhce,  attract 
moisture,  or  the  vapor  of  water,  and  also  air,  so  that  by  exposure  to  (to  at- 
mosphere they  iocrease  in  wei^t  to  a  considerable  extent 

A  most  striking  illustration  of  the  fact  t)iat  extent  of  surfkco  facUitatoa  tha 
action  of  adhesion  is  Ibund  iix  the  ose  of  ebarcoal.  When  wood  is  heated 
Bp.^rt  from  the  iur,  cort^n  portions  of  matter  wbich  compose  its  structure  are 
driven  off  by  the  action  of  the  hpat,  and  tho  charcoal,  wliich  remains  behind, 
ii  left  full  of  litllo  porcB,  or  openings.  In  this  way  an  enorruous  extent  of 
Burfaoe  is  acquired,  so  much  bo,  that  a  cubic  inch  of  good  charcoal  is .  esti- 
mated to  have  a  surfeee  of  at  least  a  hundred  square  feet.  By  reason  of  such 
d  surface,  the  effect  of  the  force  of  adhesion  existing  between  char- 


QB'ainoSB.—'Why  iannt gluoauitaUel 
nrtheiton  ercc  jirorc  aupert  r  to  the  fcrt 

Riost  polTcrlEed  BubaUn^B  sttnct  IDolltl 
of  FiuifacQ  r^n  tha  force  of  adhestoDf 
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coal  and  varioua  liquids  and  gases  is  grc&tlj'  increased.  Thus,  it  lias  been 
found  that  freBUy-bumed  charwal  is  capable,  througli  the  force  of  adhesion 
alone,  of  absorbing  or  condensing  upon  its  butIhcb  from  80  to  90  times  its  own 
bullf  of  certain  gaseai  and  tbat  it  absorbs,  when  expoaed  to  moist  air,  so  much 
water,  as  to  increase  in  weigbt  by  nearly  jjce  fifth, 

All  coloring  matters  of  vegetable  of  animal  oi^n,  and  many  other  sub- 
etancea,  have  likewise  the  property  of  adhering  to  charcoal— a  cmmmstanoo 
whicb  has  been  turned  to  great  practical  advantage  in  the  arta. 

Other  substances  beside  charcoal,  exert,  by  reason  of  their  peculiar  ex- 
tension of  surface,  a  simDar  infliienoe  on  the  force  of  adhesion.  Metallic 
platinrnn,  finely  divided,  is  even  more  remarkable  in  its  effects  than  charcoal, 
and  is  capable  of  absorbing  eight  hundred  times  its  bulk  of  oxygen  gas. 
This  oxygen  must  be  contained  withm  it  in  a  statfl  of  condensation  very 
Jike  that  of  a  liquid.  In  a  like  manner,  ererj  porous  body  attracts,  through 
the  force  of  adhesion,  ajr  and  moisture  to  a  greater  or  less  degree,  tho  action 
of  the  force  being  proportioned  to  the  extent  of  the  porosity,  or  the  surface 
exposed.  A  field  whose  soil  is  finely  divided  and  kept  porous  by  a  high  stato 
of  cultivation,  suflers  less  fr^m  drought  than  one  similarly  situated  which  is 
partially  or  whoUy  uncultivated.  It  is  not  improbable,  also,  that  plants  are 
assisted  in  obtaining  nutriment  from  tho  air,  Ihroi^h  the  influence  of  an  ad- 
heave  force  acting  between  the  surfaces  of  their  leaves  and  the  conslituenia 
of  the  atmosphere. 

49.  Capillary  Allraction.— The  phenomena  produced  by 
tho  agency  of  the  force  of  capillary  attraction  are  similar 
in  character  to  those  produced  by  the  force  of  adhesion. 
Indeed,  according  to  some  authorities,  capillary  attraction 
is  merely  a  variety  of  adhesion.*  The  fact,  however,  that 
capillary  attraction  both  elevates  and  depresses  the  sur- 
faces of  liquids,  seems  to  prove  that  thtre  are  essential 
differences  between  these  two  forces. 

The  two  distinguishing  manifestations  of  capillary  attraction  maybe  clearly 
illustrated  by  the  fbUowing  experiments : — 

If  a  liquid  be  poured  into  a  vessel,  as  water  in  glass,  whose  sides  are  of  such 
n  nature  as  to  be  wetted  by  it,  the  liquid  will  be  elevated  above  the  general 


ned  hypotheslB  dd  tlita  subject,  the  phenome 
m  Biihesi>e  attricllon  beWeen  the  liquid  a 
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Fis  10  level  of  its  aurfaoe  at  the  points  where  it  touches  tho 

^ides  of  the  vessel     This  is  shown  in  Fig.  10. 
I^  however,  the  liquid  is  poured  into  a  vessel  whose 
■0  of  Bucli  a  nature  that  they  are  not  wetted  by 
I  the  case  of  quicksilver  in  glass  veaael,  then  the 
I  liquid  will  bo  depressed  below  liio  general  level  pf  ila 
I  surfoce  at  tho  points  where  it  comes  iu  contiiM,  with 
the  sides  of  tlio  vessel.     This  ia  shown  in  Fig.  11. 
In  like  manner,  if  we  plunge  a  small  tube  of  gliiss  into  _ 

water,  tho  liquid  will  rise  in  it  above  tlie  general  level ; 
but  if  we  plunge  it  into  mercury,  the  liquid  will  bo  de- 
pressed below  the  general  level,  or  will  not  enter  tho 


It  has  been  proved  by  experiment,  that  water,  through 
the  force  of  capillary  attraction,  can  be  made  to  pD 
through  a  crevice  the  width  of  whicli  ia  less  than  o 
half  of  tho  millionth  of  an  inch. 

Notwithstanding  the  force  which  capillary  attraction 
exerts  to  cause  liquids  to  rise,  or  pass  into  tubes  of  small 
diameter,  it  can  not  of  itself  establish  a  flowage,  or  con- 
tinuous current.  If,  however,  a  part  of  tho  liquid  he  re- 
moved from  the  end  of  the  capillary  tube  by  evaporation, 
or  other  agency,  an  additional  portion  will  be  pushed  for- 
ward by  capillary  force  to  supply  its  place,  and  in  this 
way  a  current  may  be  established. 

An  illustration  of  this  is  seen  in  the  case  of  an  oil-lamp,  the  nick  of  which 
may  be  regarded  as  a  btmdla  of  capillary  tubes.  So  long  as  the  lamp  remains 
unlighted,  the  wick,  although  fall  of  oil  never  overflows ;  but  when  the  lamp 
is  %hted,  and  tho  oil  burned  ofi'  from  the  top,  a,  current  ia  at  once  created. 

Different  liquids  do  not  appear  to  be  equally  suscept- 
ible to  the  action  of  the  capillary  force.  Thus,  if  we  rep- 
resent the  height  to  which  water  will  ascend  in  a  capillary 
tube  by  100,  the  height  to  which  alcohol  will  ascend  in  the 
same  tube  will  be  only  40,  and  a  solution  of  common  salt 
in  water,  88. 

50.  Filtration.— The  process  of  filtration,  or  ihe  separa- 
tion of  impurities  from  liquids  by  straining,  or  filtering 
them  through  some  porous  substance,  is  the  result  of  the^ 
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action  of  capillary  force.  Tbe  pores,  or  interstices  which 
exist  between  the  piirticles  of  the  substance  used  as  a 
filter,  are  really  little  capilUiry  tubes  thmugh  -which  the 
liquid  passes,  leaving  the  scliii  impurities  contained  in  it 
behind. 

Whfu  a  drop  of  ink,  or  tliocolate  falls  upon  cloth,  or  blotting-paper,  it  pro- 
duc^B  a  dark  central  spot  surrounded  by  a  drcle  of  a  paler  colored  liquid. 
Tliis  is  duo  to  tlio  feet  tliat  tlio  particles  of  tlie  liquid  only  are  enabled  to  dip 
rase  tUemaelves,  or  "  spread,"  as  it  is  t«rmad,  through  the  pores  of  the  ma- 
lurlaL  That  appearance  of  the  ekiu  which  accorapanieB  a  contusiop,  and  is 
termed  "  black  and  blue,"  is  a  similar  phenomenon — the  result  of  a  eeparation 
of  the  cokiring  and  denser  matters  of  tlie  blood  from  the  watery  portions,  by 
a  process  of  filtration  through  the  porea  of  the  tissues. 

In  chemical  operatioDs,  coarse  sand,  or  cloth,  is  someUuies  used  to  form 
llltera,  but  most  generally  a  variety  of  porous,  or  unsized  paper  (blotling- 
aper),  is  empioyed.  Writing-paper  can  not  bo  used  for  filtration,  aa  ila  pores 
;.re  filled  up  with  glue,  or  starch.  I'or  a  like  reason,  ink  does  not  "  spread" 
OQ  this  kind  of  paper. 

A  paper  filter  is  prepared  by  folding  a  circular  piece  of  unsized  paper  into 
the  ibrta  of  a  quadrant,  which  is  then  japened  to  iorm  a  cone.  It  is  generally 
fitted  into  a  fiiimel,  which  is  supported  upon  a  stand.    (See  Fig.  12.) 


A  filtered  liquid  is  termed  &  filtrate. 
51.  En'tlosmosis.— When  two  liquids  which  are  capable 
of  mixing  with  each  other,  as  alcohol  and  water,  are  sep- 
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arated  by  a  substance,  or  partition  which  is  porous,  each 
will  pass  through  the  partition  in  opposite  directions,  in 
order  to  mix  with  the  other.  The  exchange,  however, 
always  takes  place  in  unequal  proportions,  80  that  the 
volume  of  one  liquid  increases  while  that  ol'  the  other 
diminishes.  This  phenomenon  is  known  by  the  name 
of  Endosmosis. 

The  Hume  Endosmoat,  derived  from  the  Greek,  and  Bignilying  "  to  go  tn," 
is  applied  to  desigcate  the  atroi^r  cnrreDt,  because  it  penetratca  into  tho 
opposite  liquid ;  while  the  namo  Exosjuosb,  whidi  Bignifles  "  to  go  out,"  ia  ap- 
plied to  tho  weaker  current 
The  phenomena  of  endoamosia  may  he  illustrated  by  the  following  ex- 
Pj„  ,3  perimenta: — If  aome  alcohol  l>e  placed  in  a 

bladder,  the  neck  of  which  ia  tightly  tied, 
and  tbe  bladder  be  sunk  in  a  vesael  of 
water,  the  water  will  pass  into  the  bladder 
to  Each  an  extent  as  to  distend  it,  even  to 
burating. 

Tho  same  result  may  be  also  shown  more 
effectively  by  meanaof  on  inatrument  called 
the  endosmomoter.  Thia  eonaists  (aee  Fig. 
13)  cf  a  bladder  filled  with  alcohol,  which 
IS  tigl  tly  faatened  to  one  end  of  a  tube  and 
inserted  m  a  vessel  of  water — the  tube  being 
austamcd  io  a  vertical  portion.  As  the 
«ater  introduces  itac'If  throi^h  the  pores 
of  th   bltddcr  the  liquid  ri 


a  be  continued  suffi- 
B  to  the  top  and  over- 
nont  as  this  may  be 
long  time,  the  liquid 
ir  the  top  of  tho  tube. 


md,  if  tho  a 
ciently  long,  it  iviU  ri 
flow  Such  an  mstm 
kept  m  operation  a 
flon  log  continually  o^ 
At  the  >^me  time  that  the  n 

n  without  into  the  bladder  to  reach  tho 
f  alcohol  a  very  small  quantity  of  alcohol  ia 
-  pasau^  through  the  bladder  in  a  conlraiy 

direction  to  reach  the  water. 
■nomenoQ  of  endoamods  ia  aa  follows ; — The 
pores  of  the  bladder  or  anj  other  like  substance,  are  merely  abort  capillary 
tubes  through  whiih  the  water  paasea  by  the  force  of  capillary  attraction. 
If  the  bladder  he  distended  with  air  and  sunk  under  water,  the  water  will  fill 
the  tubes,  but  will  not  discharge  itself  in  the  interior,  since  capillary  force 
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alone  cao  not  cetablish  a  continuous  moTcment.  But  whpn  the  bladder  ia 
filled  with  alcohol,  the  ease  ia  different ;  since  the  alcoliol  dissolyea  away  the 
water  as  fast  as  it  reaches  the  interior,  and  thua  produces  a  constant  and  rapid 
cnirrent. 

The  reasoB  tliat  the  water  paasra  in  moro  rapidly  than  the  alcohol  paasea 
<nU,  is  duo  to  tlie  fact  that  the  water  adlicrea  more  strongly  to  the  walls  of 
the  bladder  thaji  the  alcohol  doea — and  of  any  two  liquids,  that  whicli  most 
freely  wets  the  poroua  dividing  partition  will  always  flow  in  the  stronger 
current. 

Any  two  Hquida  may  be  oaed  (o  exhibit  the  action  of  endosmosis,  provided 
that  they  have  different  degrees  of  attraction  for  the  bladder,  and  a  strong 
tendency  to  mil  with  each  other.  Thus,  in  the  above  experiment  a  solution 
of  gum,  of  salt,  or  of  sugar  in  water,  might  have  been  substituted  in  place  of 
the  alcohoL 

Very  thin  phites  of  slate-stone,  or  of  baited  day,  may  be  also  used  in  place 
of  a  bladder,  or  membrane. 

The  force  with  which  a  liquid  will  pass  through  a  pore 
to  miugle  with  another  liquid  beyond  is  very  great — oc- 
curring in  some  instances  in  opposition  to  a  pressure  of 
from  fbrty  to  seventy  pounds  upon  a  square  inch. 

An  India-rubber  bottle,  filled  with  sulphuric  ether,  and  carefully  closed, 
will  gradually  empty  itself  if  placed  in  either  alcohol  or  water.  If  filled  with 
alcohol,  it  distends  itself  in  ether,  but  empties  itself  in  water ;  if  tilled  with 
water,  it  distends  when  placed  in  either  alcohol  or  ether. 

If  a  bladder  contiining  equal  parts  of  alcohol  and  water  bo  hung  np  in  the 
air,  the  water  will  gradjially  escape  through  the  membrane,  leaving  the  strong 
spirit  behind.  In  the  same  minner  il  stronf,  tli-ohol  bo  placed  ra  i  wine 
glass  covered  with  porous  paper  the  water  cont'jilied  m  it  escapes,  and  the 
spirit  increases  in  strength. 

Endostnotic  action  exercises  an  import-int  influence  in 
many  of  the  operations  of  chemi&tij,  and  of  animal  and 
vegetable  life. 

The  power  which  plants  posoeas  cf  absoil  ng  nutcitiie  matttr  from  the 
soil,  through  the  delicate  fiber*  of  the  r  roots,  is  auppusid  to  be  due  m  part 
to  the  action  of  endosmosis. 

All  nutriment  taken  up  by  the  organs  of  the  body  reaches  the  interior  of 
the  ayatem  by  passing  through  animil  meml  ranea  in  the  fluid  state  Tl  e 
fitod  we  eat  passes  from  the  mouth  tl  rough  the  throat  to  the  stomatb  Tl  e 
structure  of  the  membrajies  « hLcli  hne  the  throat  is  sufb  that  fluids  can  not 
pass  tlirough  them,  but  the  wiUo  t  f  the  st*  mach  and  of  the  intestines  are 

QnESTiDKS.--Wh9t  delennln?s  the  nplSilf  e(  the  tn-a  currents  in  endDsmotic  action  t 
Under  what  drciiioBtaTicpa  will  diffRrent  liqnida  exert  thLs  oetlon  ?  T>ova  r Tidi>BiDOBiB 
exert  bti  [uRnence  upon  chemical  and  physiological  cperadojiB  i    What  are  lUuBlfatiooi 
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differantly  constituted,  and  at  ttieae  points  endoamotic  action  ia  continually 
and  energeticallj-  going  on  witbin  ua. 

Endosmotic  action  takes  place  between  different  gases 
nmch  more  powerfully  than  between  different  liquids.  No 
matter  what  the  thickness,  or  thinness  of  the  porous  sub- 
Btaoce  separating  two  gases  may  be,  currents  are  estab- 
lishcd  through  it,  until  the  media  o 
same  chemical  composition. 

Tlie  following  simple  experiment  sbows  tbis 
moutli  of  a  glass  jar  flllod  with  carbonic  acid  ga 
and  espose  the  whole  to  the  air,  the  car- 
bonic acid  will  pasa  out  bo  fast  that  the 
cover  wiil  be  depressed  by  the  external 
pressure  of  the  atmosphcrG  idmost  to  tbo 
bottom  of  the  jar.  (See  a,  F^.  14.)  If, 
on  the  contrajy,  we  fill  the  jar  with  air, 
and  place  it  in  an  atmosphere  of  carbonic 
aoid,  the  moTomcnt  takes  placo  in  aa  j 
opposite  direction — a  little  air  flows  oat 
of  tbe  bottle  into  the  carbonic  acid,  but  so 
large  s.  quantity  of  the  gas  posses  tbe 
opposite  way,  that  the  India  rubber  swells 
out,  and  caps  the  bottle  like  a  dome.  (See 
b,  Fig.  14.) 

52.  Diffusion  of  Gases.— Connected  with  this  subject 
is  another  interesting  class  of  phenomena,  tnown  as  the 
diffusion  of  gases. 

When  two  liquids  which  are  wanting  in  any  attraction 
for  each  other,  as  oil  and  water,  are  mixed  together,  they 
separate  after  standing  at  rest,  and  arrange  themselves 
according  to  their  specific  gravities,  the  heaviest  at  the 
bottom  and  tlie  lightest  at  the  top.  If,  however,  a 
light  and  heavy  gas  are  once  mixed  together,  no  sepa- 
ration takes  place,  but  the  two  remain  permanently  in- 
termingled. 

It  has  also  been  found  that  every  gas,  or  gaseous  mix- 
ture,  possesses   the    power    of   diffusing    itself   equally 


HnjtcdbyGoOglc 


40  PRINCIPLES    OF     CnEMISTRT. 

through  every  other  gas  with  which  it  ia  brought  in  con- 
tact, and  this,  too,  in  opposition  to  the  action  of  their 
weight,  or  gravity. 

Fia  la  ■'^"^  carboniG  axad  gas  istwentj-two  times  heavier  tbaa 

hy  Irogen  gaa,  but  if  a  jar  fllled  with  hydrogen  be  placed  wit^i 
1(3  mouth  downward  over  the  mouth  of  a  jar  filled  with  car- 
bmic  acid,  as  shown  in  Fig.  15,  the  two  will  diffase  Ibern- 
sclves  BO  completely  that  in  a  few  moments  each  jar  will  eon- 
ta  n  qqual  quantises  of  both  gases. 

Each  gas  appears  to  act  as  void,  or 
empty  space  for  another,  or,  in  other  words, 
it  spreads,  or  expands  into  the  space  occu- 
pied by  another  gas,  as  if  it  were  a  vacuum. 
The  same  law  applies  also  to  vapors. 

Thua,  as  much  steam  can  be  forced  into  a  space  Sllod  with 
dry  air,  as  into  a  Space  absolutely  devoid  of  air,  or  any  other 

Thia  force,  or  law,  regulating  the  din\mon  of  gases,  ia  one 
of  great  practical  importaJico  in  the  operatioca  of  nature,  and 
la  oltcn  referred  to  as  a  most  remarkable  evidence  of  design 
on  the  part  of  the  Creator.  Tliua,  carbonic  acid,  which  is  ft 
deadly  poison  when  inhaled,  is  one  and  a  half  times  heavier  than  common 
air.  The  atmosphere  contains  about  one  part  in  two  thousand  of  this  gas, 
uniformly  diffused  through  it — the  same  quantity  being  present  in  air  col- 
lected on  tlio  tops  of  the  highest  mountains  and  on  the  level  surface  of  the 
earth.  If  the  law  wl  1  produces  su  I  a  complete  difiuaon  were  snapendod, 
this  heavy  gaa  would  accumulate  undc  the  nHu  nee  of  gravitation  as  a  bod 
or  layer  in  Uie  lower  part  of  the  a  mo  phorc  an  I  render  the  immediate  sur- 
&ce  of  the  earth  uninl  ab  able 

By  reason  of  this  same  law  of  d  fI\L  on,  the  arbonio  acid  gaa  which  ia 
Bbundaolly  formed  in  evely  p  ocess  of  combushon  and  in  respiration,  and  the 
noxious  gases  discha  ged  f  om  set.  rs  and  from  U  decaying  matter,  arc  si- 
lently and  speedily  dispersed,  and  prevented  ti'Om  accumulating. 

The  equable  ditfusion  of  vapor  of  water  through  tho  atmosphere,  in  ac- 
cordance witlk  the  same  law,  is  no  less  important  than  the  diffusion  of  gases. 
But  for  such  diUbsion,  the  whole  suriace  of  the  earth  would  have  assumed 
the  condition  of  an  arid  descri-  Water  is  800  times  more  dense  than  air,  yet 
the  particles  of  water  in  the  form  of  vapor  ascend  into  tho  atmosphere,  and 
diffUang  themselves  everywhere  throughout  its  Bubstanco,  give  rise  to  the 
phenomena  of  dew  and  rain. 

It  js  through  the  operation  of  this  principle,  also,  tliat  we  are  enabled  to 

Qun-noKB.—WiiAtpnullulhenringhHSlliela'r  of  diffusion  upon  the  CDnsldtutlon  of 
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perceive  aad  eiyoy  at  a  distance  the  fragrant  odors  which  arise  from  volatile 
Bubatanoea ;  and  were  its  action  suspended,  tho  souse  of  smell  would  be  neurlj- 

53.  Diffusion  of  Liquids,— LiquiJsof different  densities, 
whicli  are  susceptible  of  mixing,  will,  when  brought  in 
contact,  gradually  become  intermingled,  by  a  law  some- 
what resembling  that  which  governa  the  diffusion  of  gases. 

Thus,  if  pure  water  be  carefully  poured  upon  a  stroi^  solution  of  salt  or  of 
Biigar,  the  lighter  fluid  will  at  first  float  upon  the  surface  of  the  heavier ;  but 
after  a  time  the  two  will  mir^le  bother  more  or  less  uniformly.  In  like 
manner,  a  drop  of  ink,  or  other  similar  coloriog  matter,  will  diflUse  itself 
through  a  large  quantity  of  water. 

54.  Solntiou. — When  the  adhesion  between  the  parti- 
cles of  a  solid  and  those  of  a  liquid  is  more  powerful  than 
the  force  of  cohesion  which  binds  together  the  particles  of 
the  solid,  the  power  of  cohesion  will  be  entirely  overcome, 
or  suspended,  and  tho  substance  is  said  to  dissolve,  or 
undei^  solution  in  the  liquid.  In  this  way  sugar  or  salt 
dissolves  in  water,  rosin  or  camphor  in  alcohol,  and  lead 
or  silver  in  mercury. 

A  body  is  said  to  be  insoluble  when  the  adhesive  force 
exerted  by  a  liquid  upon  its  particles,  is  not  strong 
enough  to  overcome  the  cohesive  force  which  binds  them 
together. 

Any  thing  which  weakens  the  force  of  cohesion  in  a  solid  favors  solulion. 
Thus,  if  a  substance  be  reduced  to  a  powder,  it  diaaolves  more  quickly,  both 
from  the  larger  extent  ofsurlace  which  it  exposes  to  tJie  action  of  tho  liquid, 
and  from  the  partial  destruction  of  coheaon  between  its  particles.  In  tho 
same  way  heat,  by  diminisbmg  the  force  of  cohcaon,  generally  promotes  tlio 
process  of  solution.  Some  substances,  however,  as  lime,  for  example,  dis- 
solve more  freely  in  cold  than  in  warm  water, 

55.  Salutation.— When  a  liquid  has  dissolved  as  much 
of  a  solid  as  it  is  capable  of  doing,  it  is  said  to  be  satu- 
rated. When  this  occurs,  the  force  of  adhesioiv  between 
the  liquid  and  the  solid  becomes  reduced  to  an  equality 
with  the  force  of  cohesion  between  the  particles  of  the 
solid,  and  tho  act  of  solution  ceases. 
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55.  Precipitation.— When  a  solid  tody  dissolves  in  a 
liquid,  the  property  of  cohesion  is  not  destroyed,  hut 
merely  overcome,  or  suspended  by  the  superior  lorcc  of 
adhesion.  If  this  Litter  force  is  in  turn  weakened,  or 
overcome,  the  force  of  cohesion  acquires  an  ascendancy, 
and  the  particles  in  solution  unite  again  to  form  a  solid. 
A  solid  thus  reproduced  and  separated  from  a  liquid,  is 
called  a  Precipitate, 

Thus,  the  common  Bolution  of  camphor  ia  formed  by  disaolving  the  camphor 
gum  m  aJcohoL  If  water  be  add^d  to  tbia  solution,  the  alcobol  at  once  misea 
with  tlio  water,  and  abandoiia  the  camphor,  which  immedialclj'  roaumes  ita 
Holid  form,  and  fella  to  tlie  bottom  of  the  veaacl — it  ia  predpitated. 

Tho  predpitation  of  a  Bohd  ih>m  ita  Eolution  may  also  be  effected  by  several 
other  methods : — ' 

Eapcraally  may  thia  bo  accompliahed  by  ehanpng  tho  character  of  the  sub- 
stance  held  in  solution,  by  bringing  in  contact  with  It  another  body  with  which 
it  is  able  lo  unite  chemicaOy,  and  form  an  insoluble  eompound.  ThuB,  limo 
ia  aomGw)iat  aoluble  in  water,  but  if  we  bring  carbonic  acid  gas  in  contact 
with  it  while  in  solution,  the  two  subalanccs  unite  together  by  the  action 
of  the  chemical  force  of  affinity,  and  oyercome  the  adhesion  which  the  water 
previously  had  for  the  lime.  The  compound  of  carbonic  acid  and  lime  thus 
produred,  being  sohd  and  insoluble,  is  iinraediately  precipitated. 

The  aboye  case  illuatiatea  a  general  law  in  diemistiy,  which  may  be  stated 
as  follows  :— 

Two  substances  which,  when  united,  form  an  insoluble 
compound,  generally  combine  and  produce  the  same  com- 
pound when  they  meet  in  solution. 

This  law  is  practically  taken  advantage  of  in  chemical  operations  for  sepa- 
rating tho  different  conatituenla  of  a  compound  from  each  other,  or  fbr  detectr 
ing  the  presence  of  a  body  when  in  solution  with  other  aubitances.  Thus,  if 
it  is  desirable  to  know  whether  a  perfectly  clear  sprmg  w  ater  contains  lime, 
carbonic  acid  gas  is  introduced  into  it.  This  uniting  immediately  with  the 
lime,  forma  an  insoluble  compound,  which  is  precipitated.  On  the  other  hand, 
by  reversing  the  process  and  introducing  a  solution  of  lime,  we  may  be  able 
lo  detect  the  presence  of  carbonic  acid  ondirthc  lamB  circumstances. 

The  depression  of  the  temperature  of  a  solution  will  Bomctimea  eanae  the 
Mhcsion  of  the  particles  of  the  solid  dissolved  to  acquire  an  ascendancy  over 
the  force  of  adhesion.     Thus,  alum  dissolved  in  hot  water  will  resume  in  part 

QnMTiosB — Whit  ie  a  precipflate  f  Give  nn  llltinliatlDn.  Hmr  nay  precliilteUon  be 
effecMll  by  clmnginK  tJie  cli«ract«r  of  s  Bubftin™  f  What  ennrrnl  law  govpms  Ihs  prpciiil. 
tutlon  of  Bubstancesftom  their  solulionsf  Howts this  liwprneUcany applied  in  chsmlcal 
opentlons  T  .  Hov  may  precipilatioa  be  effected  through  a  depresaion  of  tbe  temperature 
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its  solid  Jbrm  as  tho  Bolution  ia  cooled  -,  and  when  brandy  ia  espoacd  to  ia- 
tenso  cold,  many  degrees  below  tbat  neceeaary  to  freeze  water,  the  spirit- 
uous portion  retaina  its  liquid  form,  and  soparatca  tiom  tho  aqueous  part, 
wbidi  solidifies  aa  ice. 

A  remarkable  illostration  of  tiiis  action  is  to  be  iband  in  tho  feet  that 
ice  formed  hj  the  freezing  of  sea-wafer  is,  under  all  ordinary  circumstances, 
fresh,  and  entirely  deatitulo  of  salt.  The  great  ice-3eldg  which  cover  the 
ocean  in  the  Arctic  and  Antarctic  rcpons,  are  always  composed  of  fresh-water 
ice.  Indeed,  water  in  the  act  of  freezing  separates  ccmpletely  from  every 
thing  whici)  it  previonsly  held  In  solution.  Even  the  air  contained  in  wslcr 
is  expelled  in  the  act  of  Irce^ng,  and  becoming  entangied  !n  the  thickening; 
fluid,  gives  rise  to  tho  minoto  bubbles  generally  observed  in  blocks  of  ice. 
For  a  like  reason,  the  ice  formed  by  the  congelation  of  a  solution  of  indigo 
is  colorless. 

Elevation  of  temperature  wili  also  effect  tho  separation  of  bodies  in  solution. 
When,  fer  instance,  a  solution  of  common  salt  in  water  is  exposed  to  tho 
action  of  heat,  the  repulsive  power  of  this  agent  overcomes  not  only  tho 
cohe^on  of  the  water,  but  also  its  adhe^on  to  the  salt ;  the  water  assumes 
the  triform  state,  and  passes  off  as  steam,  while  the  salt,  deprived  of  its 
solvent,  resumes  the  solid  state. 

r)7.  Solntion  and  Chemital  Combination.— A  clear  dis- 
tinction exists  between  a  solution  and  a  cliemical  combi- 
nation, which  latter,  in  ordinary  language,  is  often  termed 
a  solution. 

A  simple  solution  is  occasioned  by  the  action  of  the 
force  of  adhesion  exerted  between  tlie  particles  of  the  solid 
and  the  liq^uid  with  which  it  is  brought  in  contact.  In  all 
cases  of  simple  solution,  the  properties  of  both  the  solid 
and  the  liquid  are  retained.* 

Thus  sugar,  whether  in  a  mass  in  the  hand,  or  dissolved  in  water,  is  the 
same  substance ;  so  also  when  camphor  ia  dissolved  in  alcohol,  the  solution 
partakes  of  the  properties  of  both,  having  the  smell  and  taste  of  both  cam- 
phor and  spirit 

When  a  solid  disappears  in  a  liquid  through  the  influ- 
ence of  a  chemical  force  exerted  between  the  particles  of 
the  two  substances,  the  compound  is  not  a  trut  soltition, 
but  a  chemical  combination,  in  which  the  properties  of 
both  the  solid  and  liquid  are  essentially  changed. 

QOTBino™.— What  (.re  lIlaslraWOTis  of  thia  prlnriple  •  Why  Is  ice,  fnrmoci  b7  the  ftees- 
iiig  of  MB-nnter,  ftpsli  f  Whit  Is  tho  occaBlnii  of  the  rumeroua  bubblM  obacrrcd  in 
b|i>nkfl  of  iw  ?  How  mK7  pntcipltAtlon  (so  effeoteflby  an  etpTHtion  of  teiDperabure?  SUta 
and  iUdBtrnte  tile  diff^^reDce  bctweea  soliitioa  and  uhemical  ccmblEiatloD. 
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Thus,  iron  placed  ia  diluted  ndd  disappears  in  it,  but  tlio  resulting  liquid 
does  not  contain  finely  divided  iron,  but  a  finely  divided  compound  of  iroH 
and  the  acid,  wMcli  poasesaea  entirely  different  properties  from  either  of  its 
constiluenla. 

Solution  differs  also  from  chenucol  combinatioa  in  the  varying  proportions 
in  wliioh  it  occurs,  according  to  temperature,  etc.  Tims,  a  j^ven  quantity  of 
water  at  the  boilii^  temperature  wiU  dissolve  nearly  four  hundred  timca  (noro 
saltpetre  than  it  can  at  a  temperature  of  60°  ;  but  in  chemical  combinations 
Ibe  proportioua  in  «'liich  bodies  unite  are  fiscd  and  invariable. 


SECTION"    IV. 


58.  Crystals. — The  particles  of  most  substances,  in  pass- 
ing from  a  liquid  to  a  solid  conditiou,  have  a  tendency  to 
arrange  themselves  into  regular  and  symmetrical  fonns, 
each  different  substance  assuming  always  a  peculiar  shape, 
from  which  it  never  essentially  varies.  Such  regular  geo- 
metrical solids  are  termed  Crystals. 

The  number  of  known  cryatahino  forms  is  much  emaller  Ihau  the  num- 
ber of  subBtancea  wbich  are  capable  of  crystallizing,  and  it  therefore  follon-a 
that  crystals  of  various  kinda  of  matter  raiy  juBscas  the  same  form.  No 
Buhatanoe,  however,  has  ever  been  found  to  bo  capable  of  assuming  indiffer- 
ently any  form,  but  moat  substancta  are  restnoted  to  one  form  of  crystal 
and  its  modifications.  Tbia  circumstance  enablea  us,  very  o[t«n,  to  identify 
a  HUbfltanoo,  or  determine  its  composition  simplj  by  the  shape  of  its  cryelals. 
For  example,  common  salt  always  crystalliiei  m  cubes,  alum  in  oelohedrons, 
saltpeter  in  six-raded  prisms,  Epsom  salt^  in  t<>ur  sided  prisma,  and  so  on. 

59.  Amor'phous  Bodies, — A  solid  whose  particles  are  ar- 
ranged irregularly,  and  which  possesses  no  definite  exter- 
nal form,  is  said  to  he  amorphous  (t.  e.,  without  form). 

Every  solid  body  is  either  amorphous,  or  crjstalline,  and  many  bodies  eiist 
in  both  of  these  conditions.  Thus,  carbon,  in  the  form  of  charcoal  and  lamp- 
black, ia  amorphous,  but  in  the  form  of  tlio  diamond  it  is  crj'stallina 

60.  Formalion  of  Crystals. — The  usual  methttd  of  oh- 
taining  crystals  is  to  form  a  strong  solution  of  the  sub- 
stance in  hot  water,  as  most  bodies  dissolve  more  freely  in 
water  when  it  is  at  an  elevated  temperature  than  when 

QijisTTONB.— What  are  nyBtnls?  Can  a  Biibatance  In  crjslalllzlnpi;  asflnme  IndiflTerenUj 
my  form  f  What  are  amorphiiiia  tmAim  (  <!an  I  euhmsniM  he  both  erjataUino  and  Maor- 
pIuHu  r    What  is  the  usual  method  of  (.blaloing  ci;aiala  ; 
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colJ.  As  the  liquid  cools,  and  the  force  of  cohesion  gra- 
dually begins  to  resume  the  ascendancy,  the  separated 
.  particles  of  tlie  solid  have  time  to  select,  as  it  were,  the 
arrangement  they  will  assume,  and  crystals  are  formed. 

When  a  solid  is  melted,  or  made  to  assume  a  liquid 
form  by  heating,  and  allowed  to  cool  quietly,  its  particles 
also,  in  most  instances,  assume  a  crystalline  arrangement. 

Illuatrntiona  of  this  may  be  seen  in  the  erystallino  fracture  of  zinc  and 
intimony.    Sulphur,  also,  erjstallizea  beautifully  on  cooling  after  fusion. 

Water,  in  freezing,  or  assuming  the  solid  eondiiion,  often  shoots  into  beau- 
tiful erystala,  as  may  be  seen  by  examiring  the  snow-flakea  which  Ml  dur- 
ing a  period  of  intengo  cold,  beneath  a  microscope.  These  erjBtals  may 
slao,  under  &vorable  drcumatanoeB,  be  seen  witli  tlia  naked  oyo,  by  placing 
the  fl:ik8  upon  a  dirk  body  cooled  below  32"  F.  Fig.  16  ropresenta  aome  of 
the  variod  and  beautiful  Ibrina  of  snow  crjatals. 


The  same  crystals  which  appear  in  'ntnw.  exi'it  also  in  ice,  but  they  arc 
BO  blended  together  that  their  symmefry  is  lost  m  the  compaot  mass.  When 
water  ftsezes,  its  particles  all  arrange  themselves  in  ranks  and  lines  which 
cross  eacli  other  at  angles  of  60  and  120  degrees.  Tliis  may  be  seen  by 
eramiuing  the  surface  of  water  in  a  saucer  while  freeJ-ing. 

IT  we  fraeturo  thin  ice,  by  allowmg  a  pole,  or  we^'ht  to  fall  upon  it,  the 
fracture  will  have  more,  or  less  of  regularity,  being  generally  in  the  fbrm  of 
a  star,  with  six  equidistant  radii,  or  angles  of  60°. 

Another  beautiful  illustration  of  the  crystallization  of  water  in  freezing,  is 
seen  in  the  f^)S^wo^k  upon  windows  in  winter,  caused  by  the  congelation 


erratslliia 


HnjtcdbyGoOglc 


46  PRINCIPLES     OF      CHEMiaTRT. 

of  the  vapor  oftliB  room  wlien  it  comes  in  contact  with  tlie  cold  snrfhco  of 
tho  glass.  All  these  frost-work  figures  aro  limited  by  tlio  laws  of  crystolli- 
zation,  and  Ihe  lines  which  bound  them,  form  among  themselves  no  snglea 
but  those  of  30°,  GO"  and  laO". 

When  a  substance  has  been  converted,  through'  the  ac- 
tion of  heat,  into  a  vapor  or  gas,  and  then  by  coolina;  ia 
caused  to  change  back  again  at  once  into  the  solid  state, 
its  particles  arrange  themselves  so  as  to  form  crystals. 

Thna,  camphor,  or  sulphur,  if  heated  in  a  glasa  tube,  will  be  first  con- 
verted into  vapor,  and  then  deposited  in  a  ring  of  crystals  higher  up,  at  the 
Ciat  point  where  tiie  temporature  is  siiffidentl}'  low. 

In  general,  it  ia  important  to  the. process  of  crystalliza- 
tion that  the  liquid  from  which  the  soiid  body  is  separating 
shonlil  not  be  shaken  or  disturbed,  but  when  the  forces 
of  cohesion  and  adhesion  avo  nearly  balanced,  a»in  a  sat- 
urated solution,  it  seems  necessary  that  some  slight  mo- 
lion  should  be  given  to  the  liquid  in  order  to  initiate  the 
I)roces8,  which  does  not  commence  at  all  in  a  state  of 
absolute  rest. 

Thus,  a  saturated  hot  solution  of  Glauber's  sail,  if  allowed  to  eool  ia  per- 
fect Btillneaa,  will  remain  liquid  as  long  aa  the  alillneas  is  preserved,  but 
the  slightest  movement  or  tremor — even  a  wave  of  the  hand  through  the 
mi  in  its  vicinity — will  instantly  transform  the  solution  into  a  soliii  mass, 
some  of  the  water  enterit^  into  the  composition  of  the  crystals,  and  some 
being  retained  by  interstices  in  their  structure.  In  the  same  manner,  watet 
may  be  cooled  eight,  or  ten  degrees  below  the  freezii^  point  and  yet  remain 
liquid  J  but  the  slightest  disturbance,  even  a  vibration  of  the  vessel,  will 
cause  it  to  freeze  (cryat^lize)  instantaneously. 

The  more  slowly  a  liquefied  body  is  brought  back  to  a 
solid  state,  and  the  more  the  liquid  is  kept  at  rest  after 
the  process  of  crystallization  has  commenced,  the  smaller 
will  be  the  number  and  tho  larger  the  size  of  the  crystals 
produced  ;  but  when  the  solution  is  caused  to  solidify  veiy 
quickly,  the  crystals  are  numerous,  but  small  and  imper- 
fect. 

In  the  first  caao  tho  particles  of  tho  solidifying'  body  have  time  to  arrange 
3B  regularly  upon  each  other ;  but  in  the  latter  instance  tho  solidifi- 


QmsnoNS.— Under  what  o 
dlttoni  t    Under  what  dnsuu 
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cafon  takes  place  so  rapidly  that  tho  partielca  attach  thcmgelvea  irrogulariy, 
and  interlace  with  each  other  in  every  direction.  In  this  consials  the  differ- 
ence between  "  sngar,"  or  "  rock  candy"  and  loa^  or  granulated  sugar ;  be- 
tween the  fine  grained  atatuiry  marble  and  eryst^ized  "  spar." 

Crystals  have  always  a  tendency  to  fasten  upon  any 
foreign  substance  that  occupies  a  prominent  position  in 
tbe  liquid  which  affords  them,  a  circumstance  which  is 
applied  to  many  useful  purposes  in  the  arts. 

inustralions  of  thia  are  seen  in  the  Jbraiation  of  tlio  somewhat  femiliar  or- 
nament known  aa  the  "  alum  basket,"  and  in  tho  strings  which  are  stretched 
across  tho  vessels  in  wJiich  pure  solutions  of  sugar  oryslaliize  in  the  manu- 
ficture  of  "rodi  candy."  When  only  two  or  three  very  minute  crystals  can  be 
deposited,  it  is  usual  to  place  a  piece  of  thread  or  some  other  suitahlo  sub- 
stance in  the  liquor ;  and  upon  tliis  support  tho  crystals,  if  anywhere,  will  ho 
found  In  this  way  the  chemist  is  enabled  to  draw  t<^thor  and  collect 
readily  the  smallest  quantities  that  cau  be  thrown  down  from  a  solution. 

Nothing  can  be  more  beautltul  tlmn  to  watdi  the  pr<^ress  of  cryslallizatioa 
as  it  takes  place  when  we  suspend  a  serioH,  or  network  of  threads  in  a  hot 
Baturaled  solution  of  alum,  and  then  allow  the  liquor  to  cool  slowly.  Tho 
minute  invisible  atoms  are  gradually  drawn  together  toward  the  fbundation 
thus  afforded,  and  presently  little  glittering  specks  may  be  discerned  entan- 
gled among  the  fibers,  or  studding  tho  network  of  the  threads.  If  the  pro- 
cess be  well  managed,  these  specks  increase  steadily  in  size,  hy  the  regular 
addition  of  fresh  atoms  to  every  part ;  but  if  the  temperature  be  not  attended 
to,  or  the  solution  be  improperly  disturbed,  they  increase  chiefly  in  numbers, 
and  tlio  larger  crystals  are  apt  to  be  disfigured  by  adhering  to  small  ones." 

61.  Pnrifieatiou  by  Crystallizalion.— A  substance  in 
crystallizing  has  a  tendency  to  purify,  or  separate  itself 
from  any  foreign  substances  which  may  have  been  mingled 
with  it.     Crystalline  form  is,  therefore,  to  some  extent,  a 
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guaranty  of  purity,  or  at  least  of  the  absence  of  adultera- 
tion ;  and  hence,  in  medicine,  and  in  the  arts,  many  suh- 
Htances  are  subjected  to  tedious  and  expensive  processes  for 
no  other  purpose  than  to  cause  them  to  assume  this  ibrm. 

Sea-water,  in  addition  to  salt,  contains  a  variety  of  otber  BQbstancea,  but 
by  the  procesg  of  evuporating  tlie  salt  water  and  crystallizing  tho  aalt,  most 
of  these  impurities  are  separated.  A  single  crystallization  gives  the  salt  suf- 
fimently  pure  tor  comnierciitl  purposes,  but  to  render  it  perfectly  pure,  it  is 
necessary  to  ro-disaolve  the  first  crystals  in  pure  water  and  repeat  tlia  pro- 
cess of  crjstallizatioa  several  times. 

This  principle  may  be  demonstrated  by  a  ^mple  eiperiment.  If  we  dis- 
solve a  small  quantity  of  common  salt  aud  saltpetro  in  warm  water,  and  al- 
low the  solution  to  evaporate  slowly,  the  two  substances,  which  are  inliuiatcly 
united  in  thfi  solution,  will  separate  completely  fVom  each  other  in  crjsUd- 
lizii^ — tho  saltpetre  assuming  the  fcrm  of  long  neeiiles  or  priBms,  and  the 
common  salt  the  form  of  cubes.  It  is  in  this  way  that  saltpeter  is  purified 
preparatory  to  being  used  in  the  raarufaeture  of  gunpowder. 

If  two  hollies,  however,  which  crystallize  in  the  same 
form,  he  mingled  in  solution,  they  can  not  bo  separated 
from  each  other  by  crystalliaation. 

The  difference  in  tho  crystallizing  properties  of  alver  and  lead  has  been 
token  advantage  of  in  a  recent  invention  for  separating  a  small  quantity  of 
Blver  whioli  exists  in  almost  all  the  ores  of  lead.  The  two  metals  are  inelleil 
and  allowed  to  cool  slowly  ;  tho  silver,  forming  into  ciyatals  more  easily  than 
the  lead,  sohdifles  first,  and  tlie  lead  remaining  is  poured  off. 

62.  Cliange  in  Bulk. — Many  substances  in  crystallizing, 
or  in  passing  from  a  lic[uid  to  a  solid  state,  experience  a 
change  in  bulk. 

Water,  at  the  moment  of  congelation,  increases  in  bulk,  and  expands  with 
an  almost  irresistible  force.  As  an  illustration,  the  followic^  experiment 
may  bo  quoted  : — Oast-iron  bomb-shells,  thirteen  inches  m  diameter  and  two 
inches  thick,  were  filled  with  water,  and  their  apertures  or  fuse-holes  firmly 
plumed  with  iron  bolts.  Thus  prepared,  they  were  exposed  to  the  severe 
cold  of  a  Canadian  winter,  at  o  temperature  of  about  19°  below  zero.  At 
the  moment  the  water  fi^ze,  the  iron  plugs  were  violently  thrust  out,  and  tha 
ice  protruded,  and  in  some  instances  the  shells  burst  asunder,  thus  demon- 
rior  pressure  to  which  they  wero  subjected  by 
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One  thousand  parts  of  water  at  32"  become  dilated  by 
freezing  to  1063  parts. 

Iron,  in  pasmng  from  a,  melted  to  a  solid  state,  cxptmda  in  the  eame  manner 
as  water,  a  fttct  which  rendcra  this  metal  most  suitable  for  castiuga. 

Other  substances,  however,  present  equaUy  remarkable  instances  of  con- 
traclJon  in  passing  from  a  liquid  to  a  solid  state,  of  wliicli  gold  and  lead  are 
iUuBtrHtiona ;  hence  it  is  impoaaiblo  to  obtain  with  either  of  these  metals  a 
fine  easting  from  a,  mould. 

63.  Mother  Liqnof. — Whcti  a  substance  separates  itself 
in  part  from  a  liciuid  by  crystallization,  the  solution  re- 
maining behind  is  termed  the  Mother  Liquor. 

64.  Water  of  Crystallization.~Some  substances  are  not 
capable  of  assiiming  a  crystalline  fonn  until  they  have 
chemically  combined  with  a  certain  definite  amount  of 
water,  termed  the  watek  of  crybtallization.  Tiiis 
water  is  not  essential  to  the  chemical  composition  of  the 
substance,  but  merely  to  its  existence  in  the  form  of 
crystals. 

Thus,  a  erjslal  of  aliun  contains  nearly  one  half  its  weight  of  water  bbemi- 
caliy  combiued  with  it  Witiiout  ibis  water,  alum  could  not  assume  the  orys- 
lallinoform,  although  it  would  retain  all  its  chemical  properties  unchanged. 
The  existence  of  the  water  of  crystallization  in  alum  may  be  experimentaJly 
bIiowq  by  placing  a  small  crystal  of  Uiis  substance  upon  a  hot  aurfece,  when 
it  will  be  observed  (o  foam  and  melt,  and  finally  settle  down  into  a  white 
porous  masa.  The  foamiog  is  occa^onocl  by  tbe  evaporation  of  the  waler  of 
crystallisation. 

65.  Et-tlo-res'eencc.— Bomesubslaccescontainingwater 
of  crystallization,  part  with  it  on  exposure  to  the  atmos- 
phere, and  crumble  down  to  a  fine  powder.  This  action 
is  termed  Efflorescence. 

Ifwe  place  half  an  ounce  of  crystalline  Glauber's  salts  ia  a  warm  place,  i» 
will  soon  lose  its  transparency,  and  finally  crumble  into  a  white  powder, 
wei^iing  liardly  a  quarter  of  an  ounce.  This  loss  of  weight  is  entirely  owin~ 
to  the  evaporation  of  the  chemically  combined  water  which  imparted  to  tli> 
salt  ils  transparoDOy  and  ciystalllne  Ibrm.  Common  salt,  and  saltpetre,  oii 
the  contrary,  if  treated  in  a  similar  way,  undergo  no  change  in  either  appear- 
ance, or  weight,  because  they  contain  no  water  of  ciystalliKation, 

66.  Del-i-qnes'tence. — When  a  crystalline  euhstance, 
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on  exposure  to  air,  absorbs  water,  and  becomes  converted 
thereby  ioto  ii  liquid,  or  8emi-lic[uid  mass,  it  is  eaid  to 
deliquesce,  and  the  phenomenon  is  termed  DeliquesceDce. 

67,  Dc-crep  i-la'tion, — Some  substances,  when  crystal- 
lized rapidly  from  a  solution,  frequently  inclose  mechan- 
ically within  their  texture  small  quantities  of  the  mother 
liquor,  the  expansion  of  which,  when  heated,  hursts  the 
crystals  with  a  sort  of  crackling  explosion.  This  pheno- 
menon  is  known  by  the  namo  of  Decrepitation. 

This  result  may  be  exhibited  by  tlirowing  a  small  quantity  of  eommon 
Rait,  whicli  has  been  crystallized  rapidly,  upon  a  lieated  Burikoe.  If  the  salt, 
however,  lias  been  crystallized  by  alow  evaporation,  it  will  not  decrepitate. 

G8.  Jfativo  Crystals. — The  mineral  feiugdom  presents  us  with  the 
most  splendid  examples  of  ciystaliizod  bodies,  many  of  which  the  ohemist  ia 
able  to  artificially  reproduce  in  faia  laboratory.  Within  the  last  few  yeal^ 
M.  Ebehnan,  an  ommcnt  French  chemist,  liaa  succeeded  in  producing  soma 
of  the  most  valuable  gems — as,  for  example,  the  emerald  and  the  ruby — by 
mixing  together  in  proper  proportions  the  elementary  substances  which  enter 
intfl  their  composition,  and  tlicn  exposing  tlie  compound  to  the  loag-continued 
and  intense  heat  of  a  furnace  used  for  baking  porcelain. 

Some  native  ciystals,  however,  seem  to  be  beyond  tho  power  of  art  to 
imitate.  Of  these,  the  diamond  ia  perhaps  tho  most  remarkable.  This  body 
cousiata  of  pure  carbon  (the  same  substance  with  which  we  are  familiar  sa 
charcoal  and  as  black-lead),  but  which  can  not  be  either  fused  or  dissolved, 
and  consequently  can  not  be  ciystallized  by  any  means  at  present  known. 
Such  means  liavo  been  csgcrly  sought  Ibr,  liowcvcr,  since  the  discovery  of 
the  composition  of  the  diamond,  aud  there  seems  no  reason  wiiy  they  should 
not  at  some  period  be  discovered. 

Tho  most  perfect  crystals  of  gems  are  met  with  in  nature  of  only  a  moder- 
ate size.  The  larger  ones  are  lesa  clear,  and  wanting  in  transpat^ncy  and 
luster.  The  emendd,  sufficiently  pure  for  jewelry,  does  not  oilen  exceed  an 
inch  in  length,  and  seldom  so  much  as  Uiia.  Transpareat  aapphires  above  an 
inch  in  length,  are  very  rare.  Cryatala  of  quartz  are  sometimes  found  of  very 
lai^e  size.  Ono  at  Milan  measures  3J  feet  in  length,  5i  in  circumference, 
and  weighs  870  pounds. 

69.  Formation  of  Crystals  in  Soliii  Bodies. — A  very  re- 
markable change,  a  variety  of  crystallization,  sometimes 
takes  place  in  the  form  and  arrangement  of  the  particles 
of  solid  hodies,  without  their  undergoing  any  alteration 

QDESTIOsi-What  is  if  crepitiSon  t    Whero  ire  tho  raoet  B[HeTidia  eiimplei  of  crystel- 
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from  the  ac'id  to  the  liquid  state.  This  suhject  is  one  of 
great  importancej  and  its  inveBtigatiun  has  furnished  a 
partial  solution  of  some  phenomena  that  were  once  re- 
garded as  inexplicable. 

Tlio  simplast  illuatration  of  this  action  is  to  be  found  in  the  case  of  aogar. 
When  this  subatance  is  molted  and  allowed  b>  oool,  it  forms  a  perfectlj  traos- 
pareiit,  haj-d  mass,  without  the  slight^t  trace  of  crystallme  arrajigemont ;  but 
a-tsr  some  months  it  loses  its  transparency,  beconiea  white,  oiystalliae,  and 
biittla.  Similar  changes  toko  place  also  in  many  other  bodies,  but  in  cases 
of  tliis  character  tho  cause  whii^h  produced  the  reault  described  is  not  cer- 
t^iily  known,  and  has  been  ascribed  to  the  action  of  several  forces. 

The  following  iUustrat'on^  are  of  a  somewhat  d  fiere  t  character.  If  we 
Hubmit  a  piece  of  met.  1,  even  tl  o  toughest,  to  long  contmuoii  hammcrir^,  or 
jarring,  the  atoms,  or  port  Its  ot  wh  o  t  s  competed,  s  cm  to  take  on  a- 
new  arrangement,  and  tbo  metnl  gradually  los  s  aJl  ta  bJiacity,  fieiibility, 
malleability,  and  due  1  tj   and  becomes  bntlle 

The  Bur&ce  of  a  fresl  f  actnre  under  such  circumstances,  eiJiibita  a  dis- 
tinctly cryatatline  structure  Tl  Icnai  y  of  a  metal  thus  rendered  britlle 
may  bo  restored  agaju  in  great  measure  by  heating  and  slowly  cooling — a 
process  known  In  the  arts  as  ■'  annealing." 

A  great  numt>er  of  other  instances  illustrative  of  the  eHect  of  jarring  and 
concussion  en  the  structure  of  metals,  might  also  be  adduced.  Coppersmiths, 
who  form  vessels  of  brass  and  copper  by  tho  hammer  alone,  can  work  on  Hiem 
only  for  a  short  time  before  they  require  annealing ;  etherwiso  they  would 
cr^ick  and  Hy  into  pieces. 

For  similar  reasons,  a  cannon  can  only  bo  fired  a  certain  number  of  tiraea 
before  it  will  burst,  and  a  cannon  which  has  been  lot^  in  use,  although  ap- 
parently sound,  is  always  condemned  and  broken  up.  The  tone  of  a  bell, 
during  the  two  or  tliree  Urst  years  of  use,  unttbrmly  increases  in  strength, 
owing  probably  tj)  a  change  in  the  arrangement  of  the  particles  under  the 
hammerii^  action  in  ringing. 

A  more  important  illustration,  and  One  that  more  doaely  affects  our  inter- 
ests, is  the  liability  of  railroad  car-axles  and  wheels  to  break  from  the  same 
cause.     A  oar-a^e,  after  a  long  lapso  of  time  and  use,  is  ahnost  cerliun  ta 

The  explanation  of  these  changes,  especially  in  tiio  case  of  iron,  is  as  fid- 
lows: — The  particles  of  cast-iron,  as  may  be  seen  by  the  naked  eye,  are  crystals, 
more  or  less  perfect  in  form,  and  abrogated  H^ether  by  tbo  force  of  cohesion. 
In  the  conversion  of  cast-uxin  into  wrought-iron,  each  crystal  by  heatmg,  ham- 
mering, and  rolling,  is  gradually  elongated  into  a  liu^ad,  so  that  wronghtrUTm 
is  aa  aggregation  of  flbers  (fibrous  iron,  as  it  is  sometimes  called),  or  a  series 
of  threads  kept  together  by  the  force  of  cohesion.     When  now  a  bar  of  cold, 

QOKTIOBS — Give  an  illustration.    How  Is  tho  strength  of  iron  and  otl«r  metalB  afl^ted 
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■wroughl,  or  flbroua  iron  is  made  to  ribrate  by  eliocks  communicated  either 
by  blows  of  a  hammer,  or  by  the  rapping  of  any  part  of  a  macliino,  or  by  the 
continued  rolling  and  jarricg  of  a  railway  car  upon  the  rails,  the  little  fine 
tlircaiia,  or  fibers  snap  one  by  one,  and  the  particles  return  to  their  original 
ciystalliae,  or  granular  slate,  and  by  this  change  the  entire  mass  13  rendered 
brittla 

70.  Primary  Forms  of  Crystals.— The  apparently  innu- 
merable variety  of  figures  which  various  substances  as- 
sume in  crystallizing,  may  all  he  referred  to  a  few  regular 
and  fundamental  forms. 

Each  substance  has  a  characteristic  form  of  crystal, 
which  is  termed  its  Frimary  Form. 

Variations  of  this  original  form,  which  may  take  place 
to  any  extent  so  long  as  a  correspondence  of  angles  is 
preserved,  are  termed  Secondary  Forms. 

The  number  of  primary  or  fundamental  forms  to  which 
all  other  crystalline  solids  may  be  referred  is  six — the 
.cube,  the  square  prism,  the  right  rectangular  priem,  the 
oblicLue  rliombic  prisni,  the  oblique  rhomboidal  prism,  and 
the  hexagonal  prism,  or  rhombohedron. 

The  number  of  secondary  forms  is  almost  Innumerahle, 
all  of  which  are  modifications  of  the  six  primary  forms. 

Thus,  carbonate  of  lime  lias  teen  found  crystallized  in  more  than  six  hun- 
dred dilTerent  secondary  forma,  hut  all  of  them  are  related  to  each  other,  and 
are  derivable  fhDm  one  original  primary  flgnre,  the  rhombohedron. 

The  study  of  the  geometrical  relations  of  the  different  crystalline  forms  to 
each  other,  belongs  to  the  science  of  crystallography.  Tho  investigations  of 
chemistry,  however,  have  cootributed  mucii  lo  our  knowledge  of  the  laws 
and  forces  which  govern  the  production  of  crystals,  and  have  fiimished  some 
explanation  of  the  reason  why  the  several  atoms,  each  invisible  on  account 
of  its  minutencaa,  should  arrange  themselves  in  the  same  manner,  and  in 
the  fittit:^  place,  so  as  to  build  up  a  cubical  or  prismatic  crystal,  rather  than 
an  incoherent  mass,  sliapelesa  and  devoid  of  regularity. 

71.  Theory  of  Crystallizntion.— It  is  supposed  that  the 
atoms,  or  molecules  which  make  up  the  body  of  a  crystal, 
are  possessed  of  polarity  ;  or,  in  other  words,  that  the  two 
opposite  sides  of  the  atoms  are  like  the  two  opposite  poles 
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of  a  magnet,  endowed  with  opposite  forces. 
The  action  of  these  forces  compels  the  atom, 
in  assuming  its  place  in  a  crystal,  to  maintain 
a  certain  direction  as  respects  the  contiguous 
particles  (see  Fig.  17),  in  the  same  way  that  I 
the  action  of  the  magnetic  forces  on  a  bar  of  [ 
steel  compels  it  to  maintain  a  constant  direc-  ' 
tion  as  regards  the  poles  of  the  earth. 

That  tlio  strength  of  tlie  direetivo  force  which  influences 
the  atoms  of  matter  to  assume  a  symnietrical  arrangemeiit 
is  not  leeble  w  in^gnificaot,  ia  clearly  elioii  n  bj  the  euor- 
mouB  power  which  crystaiJizii^  action  exerts  Thua,  the  expausne  forea 
of  water  in  freezing,  illqstrritiOQa  ofwhicliaro  most  f  imiliar,  la  duo  (ntirely  to 
a  re-arrangement  of  tlio  particles  in  cryBtallizmg,  and  a  conspqucnt  occupa- 
tion of  more  space. 

The  direction  in  which  the  supposed  polar  forces  act,  or 
the  lines' in  which  the  particles  arrange  themselves  in  or- 
der to  huild  up  symmetrical  solids,  are  termed  the  axes_ 
of  the  crystal. 

Variations  in  the  number  or  arrangement  of  Iheso  Unca  or  axes,  necessarily 
modify  the  geometrical  form  of  the  crystal,  and  a  consideration  of  \ho  relation 
which  the  multitude  of  crystallme  fbrma  sustain  to  each  other      -^q^  jg_ 
through  theu'  axes,  or  symmetrical  Sines  of  fbrmalion,  has  en-      / — ~^ — ~a 

ablcd  us  to  select  six  primary  forma  from  which  all  the  olbers  /j h— ( 

may  bo  derived.  nf "-■i^f  nl 

Thus,  in  the  first  primary  form.  Fig.  18,  which  ia  the  cubical,  I   / — j — t-y 

or  regular  form,  there  are  three  axes,  a  a  a,  all  equal  and  cross-  \l 1/ 

ing  each  other  at  the  center  of  the  crystal  at  right  angles.  The  aame  arrange- 
ment of  axes  holds  good  in  all  tho  secondary  forms  which  are  derived  from  this 
primary  form ;  and  in  consequence  of  this  are  bU  regular.  In  the  second 
primary  form,  the  square  prism,  Fig.  19,  there  are  three  axes,  all  of  them  at 
riglit  angles  to  eacli  other,  but  only  two,  a  a,  a  a,  are  of  equal  length ;  Uia 
third,  e  o,  being  cither  longer  or  shorter  than  tho  others.  ^la  19 


Similar 


indinalj 


the  axes  of  the  other  primary  forms. 

Many  feels  in  science  seem  to  prove  that  the  existence  of  axes 
in  crystals  is  not  imapnary,  but  rcaL  Thus,  when  tho  arrange- 
ment of  a  crystalline  body  is  perlbctly  symmetrical,  as  it  is  in  all 
crystals  belonging  to  the  Cubical  system,  the  transmission  of  light, 
the  expansion  of  heat,  tho  conducting  power  of  heat^  and  probably 


axM  ef  a  eryital  f 


leem  bo  provQ  Ihab  the  u 


HnjtcdbyGoOglc 


54  FniNCIPLES    OF     CHEMISTRY. 

the  power  of  tiaDsmittrng  Bound,  electricity,  and  magnetisin,  is  uniibrm  in 
every  direction ;  tut  wlicu  the  axes  of  a  crystal  are  unequai  j  or,  in  other 
words,  wlien  tiie  attion  of  the  molecular  force  wiiieli  liaa  given  direction  to 
llio  atoma  and  shaped  the  crystal,  is  cnore  powerHil  in  one  direction  than  in. 
aootlier,  an  irregularity  in  the  action  of  the  body  on  light,  and  in  its  espan- 
Bive  and  conductive  pon'ets  for  heal,  may  be  immediately  traced, 

I-so-morph'ism. — The  term  leomorphisin  (equal  forms) 
is  applied  to  those  bodies  which  can  be  eubstituled  for  one 
another  in  a  chemicsil  compound,  without  producing  any 
change  in  the  crystalline  form  of  that  compound.  This 
property,  is  restricted  to  a  comparatively  few  substances. 

Thus,  an  oxyd  of  zinc  may  replace  or  be  subaljtuted  for  osyd  of  magnesia, 
and  an  oxyd  of  iron  for  an  ojcyd  of  copper,  in  a  chemical  compound,  without 
cauaiiig  any  alteration  of  crystalline  form.  As  a  general  rule,  however,  the 
change,  or  substitution  of  one  element  of  a  chemical  compound  for  another 
of  different  ehaj^cter,  occaaiona  a  cliange  in  the  crystalline  form  of  the  com- 
pound. 

The  consideration  of  isomorphism  is  of  great  importance  in  chemistiy,  and 
haa  added  much  to  our  Isnowlcdgo  respecting  the  nature  of  the  elcmentaiy 
atoms  of  matter.  A  study  of  its  principles,  among  other  results,  haa  estab- 
lished the  existence  of  such  curious  relaliuns  between  certain  of  the  so-called 
elementary  substances,  aa  to  surest  their  derivation  from  some  common  and 
unknown  form  of  matter.  Tliis  subject,  under  another  dcparlment,  will  be 
again  referred  ta 

72.  Di-morph'ism.— The  rule  that  all  the  crystalline  fig- 
ures of  any  particular  substance  may  be  derived  from  the 
same  ultimate  form,  is  subject  to  several  exceptions.  Some 
substances  are  capable  of  assuming  two  forms  of  crystals, 
according  to  the  temperature  at  which  they  are  produced, 
which  are  geometrically  incompatible  with  each  other ; 
and  this  difference  of  crystalline  form  is  associated  with 
difi'erence  of  specific  gravity,  hardness,  color,  and  other 
properties.  Sach  bodies  are  termed  Dimorphous  (two- 
formed). 

The  crystals  of  sulphur  found  in  nature,  and  the  cry^als  obtained  by  th« 
slow  cooling  of  a,  melted  masa  of  sulphur,  are  entirely  different.  A  beautiful 
instance  of  this  kind  ia  afforded  by  a  compound  of  iodine  and  mercury,  known 
as  the  iodide  of  mercury.  The  minute  particles  of  this  substance  are  of  a 
brilliant  scarlet  color,  but  by  the  application  of  heat  their  crystalhne  arrange- 
ment is  changed,  and  the  change  is  rendered  visible  to  the  eye  by  the  sub- 

QnEBTioHB Whit  IB  liomDrpbifim  t     GItg  aa  UluBtmtloD.      WMt  It  dimorpbiemt 
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Btitot ion  of  3.  bright  yellow  color  in  place  of  tha  Bcarlet  When  the  eubstanco 
has  become  cool,  tlio  application  of  a  sliglit  mectmnical  force,  auch  as  a  mere 
scratch  upon  a  einglo  point,  will  change  the  crystalline  arrangement  back  to 
its  origioaJ  coodition,  and  instantly  restore  the  original  color. 

Some  few  substancea  aro  even  trimorphoua;  that  ia,  they  cryBtalliEe  in 
thioo  difierent  forms. 

78,  Cleay'age. — Crystals  can  not  te  broken  with  equal 
readiness  in  all  directions,  but  they  have  a  tendency  to 
split  or  divide  according  to  certain  determinate  lines. 
This  property  is  termed  the  Cleavage  of  the  crystal. 

Cleavage  wili  often  enable  us  to  detect  c^ystalliQe  etrucEure  in  a  body  which 
>t  Grst  appears  as  a  shapeless  mass.  Thu?,  in  the  case  of  the  veiy  common 
mineral  known  as  "  Iceland  spar,"  which  is  a  variety  of  carbonate  of  Ume,  if 
we  strike  gently  upon  an  irregnlar  fragment  witli  a  bammor,  wo  shall  find 
that  the  lines  in  which  fracture  occurs  aro  all  inclined  to  each  other  at  angles 
of  1 05  degrees,  and  in  consequence  of  this,  the  detached  particles  have  all 
the  ft>rm  of  rhombohodrons.  In  like  manner,  mica  splits  only  in  loaves,  and 
galena,  the  name  applied  to  the  common  ore  of  lead,  only  in  cubes. 

This  property  of  crystals  has  lonj^  been  known  to  jew- 
elers, ■who  have  profited  liy  it  to  alter  the  form  of  precious 
stones,  in  place  of  resorting  to  the  expensive  process  of 
cutting.  Thus,  the  diamond  will  uplit  with  a  smooth  sur- 
face in  four  directions,  and  by  taking  advantage  of  this, 
a  thin  layer  on  a  defective  side  may.  be  smoothly  removed 
at  a  single  operation, 

A  projierty  analogous  to  the  cleavage  of  crystals  may 
be  observed  in  bodies  of  a  different  character.  Thus,  wood 
splits  with  greater  facility  in  a  direction  parallel  to  its 
fibers  than  at  right  angles  to  them,  or,  as  it  is  termed, 
"  across  the  grain," 
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74  Bent  Giitl  Chemical  Action,— Almost  every  form  of 
chemical  action  ia  influenced  to  a  greater  or  less  extent  by 
the  agency  of  heat.  A  general  knowledge,  therefore,  of 
the  principles  aod  applications  of  heat  ia  essential  to  a 
correct  iinderstaniling  of  the  science  of  chemistry. 

Heat  aniJ  Caloric. — Heat  ia  a  physical  agent,  known  only 
l)y  its  effects  upon  matter.  In  ordinary  language  we  use 
the  term  heat  to  express  the  sensation  of  warmth.  Ca- 
loric is  the  general  name  given  to  the  physical  agent  which 
produces  the  sensation  of  warmth,  and  the  various  effc'cta 
of  heat  observed  in  matter. 

75.  Two  Conditions  of  Heat.— Heat  exists  in  two  very 
diiferent  conditions,  as  Free,  or  Seneible  Heat,  and  as 
Latent  Heat.® 

AVhen  the  heat  retained  or  lost  by  a  body  is  attended 
with  a  sense  of  increased  or  diminished  warmth,  it  is  called 
sensible  heat. 

When  the  heat  retained  or  lost  by  a  body  ie  not  per- 
ceptible to  our  sense,  it  is  called  latent  heat.'j' 

76.  Measurement  of  Heal. — The  quantity  of  heat  ob- 
served in  different  substances  is  measured,  and  its  effects 
oil  matter  estimated,  only  by  the  change  in  bulk,  or  ap- 
pearance, which  different  bodies  assume,  according  as  heat 
is  added  or  subtracted, 

77.  Distingnisliing  Charaderi&tic  of  Heat.— Heat  pos- 
sesBes  a  distinguishing  characteristic  of  passing  through 
and  existing  ia  all  kinds  of  matter  at  all  times.     So  tar  as 
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ve  know,  heat  is  everywhere  present,  and  every  body  that 
exists  containa  it  without  known  limits. 

Ice  contains  heat  in  large  quantities.  Sir  Humphrey  Davy,  by  friction,  ai- 
traeted  beat  from  two  pieces  of  ioe,  and  q  lickly  molted  thorn,  in  a  room  cooled 
bolow  tlie  freezJEg-poiDt,  by  rubbing  tliem  against  each  other, 

78.  Temperature.— Ihe  degree  of  Bensible  heat  a  body 
manifeeta  is  called  its  temperature. 

The  temperature  of  a  body  affords  no  indication  of  the  real  quantity  of  heat 
which  it  conlaioa.  A  pint  of  boiling  orator  will  raise  a  themiometer  to  tha 
same  degree  as  a  gallon  of  the  same  water  ;  yet  it  is  obvious  that  the  lat^fer 
quantity  of  liquid  containa  the  greater  amouot  of  heat 

Cold  is  a  relative  term  exprensing  only  the  absence  of 
heat  ia  a  degree  ;  not  its  total  absence,  for  heat  exists 
always  in  all  bodies. 

A  body  may  feel  hot  and  cold  to  the  same  person  at  the  same  time,  since 
the  sensation  of  heat  is  produced  by  a  body  colder  than  the  hand,  provided 
it  be  leas  cold  than  the  body  touched  immediately  before ;  and  tho  sensation 
of  cold  is  produced  under  the  opposite  circumstances,  of  touching  a  compara- 
tively warm  body,  hut  which  ia  leas  warm  tlian  some  other  body  touched  pre- 
viously. Thus,  if  a  person  transfer  one  hand  to  common  spring  water  imme- 
diately after  touching  ice,  to  that  hand  the  water  would  feel  very  warm  ;  while 
the  other  hand,  transferred  from  warm  water  lo  the  spring  water  would  feel  a 
sonsation  of  cold. 

It  is  a  very  curious  fact,  that  intense  cold  produces  tl  <•  same  stn=alion  as 
intense  heat.  Frozen  mercuiy  will  bUster  tlie  part  to  wh  ch  t  is  appl  ed  m 
the  same  manner  as  red  hot  iron  ;  and  the  physiological  aLtion  of  a  tree?  ng 
mixture  resembles  that  of  boihi^  water.  Sensations  of  1  cat  and  cold  are^ 
therefore,  merely  degrees  of  temperature,  contrasted  bv  name  in  reference  to 
the  peculiar  temperature  of  the  individual  speaking  of  them 

79.  Ditfnsion  of  Heat.— The  tendency  of  heat  is  to  dif- 
fuse, or  spread  itself  among  all  neighboring  substances, 
until  all  have  acquired  the  same,  or  a  uniform  temperature 

A  piece  of  iron  thrust  into  burning  coals  becomes  hot  among  them  hetausa 
the  heat  passes  from  the  coals  into  tho  iron,  until  the  mi_ta!  has  acquu^  an 
equal  temperature. 

80.  Heal  Imponderable. — Heat  is  imponderable,  or  does 
not  possess  any  perceptible  weight. 

If  we  balance  a  quantity  of  ice  in  a  delicate  scale,  and  then  leave  it  to 


ilj- of  hot  it  contains  (    What  is 
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mell,  the  equilibrium  will  not  bo  in  the  slightest  degree  disturbed.  If  we 
substitute  for  tLo  ioo  boiling  water,  or  red  hot  iron,  and  leave  this  to  cool, 
there  will  be  no  differecoe  in  the  result.  Count  Runiford,  having  suspended 
a  hotUo  cont^ning  water,  and  another  containing  alcohol,  to  the  arma  of  a, 
balance,  and  adjusted  them  so  aa  to  be  exactly  in  equilibrium,  found  that  the 
balance  remained  undLaturbed  when  tho  water  was  completely  frozen,  though 
the  beat  tho  water,  had  lost  must  have  been  moro  than  sufficient  to  have  made 
an  equal  weight  of  gold  red  hot, 

81.  Theory  of  Heat. — The  nature,  orcauso  of  heat  is  not 
clearly  understood.  Two  explanations,  or  theories,  have 
been  proposed  to  account  for  the  various  phenomena  of 
heat,  which  are  tnown  as  the  mechanical  and  vibratory 
theories, 

AlechnnicHl  Tltcory. — The  mechanical  theory  snppoeea 
heat  to  he  an  extremely  subtile  fluid,  or  ethereal  kind  of 
matter  pervading  all  space,  and  entering  into  combination 
in  various  proportions  and  quantities,  with  all  bodies,  and 
producing  by  this  combin.ition  all  the  various  effects  no- 
ticed. 

Vibratory  Theory.— The  vibratory  theory,  on  the  con- 
trary, supposes  heat  to  he  merely  the  efiect  of  a  species 
of  motioD,  like  a  vibration  or  undulation,  produced  either 
in  the  constituent  particles  of  bodies,  or  in  a  subtile,  im- 
ponderable fluid  which  pervades  them. 

Wlicn  one  end  of  a  bar  of  iron  is  thrust  into  the  fire  and  heated,  tlie  other 
end  soon  t>ecome3  hot  al^a  According  to  tlio  meehaoical  tbeoi?,  a  subtile 
fluid  coming  out  of  the  fire  enters  into  the  iron,  and  passes  from  particle  to 
partiole  until  it  has  spread  through  the  whole.  When  Hie  hand  is  applied  to 
the  bar  it  passes  into  it  also,  and  occasions  the  sensation  of  warmth.  Ac- 
cording to  the  vibratory  theory,  the  heat  of  the  Ere  communicates  to  the  par- 
ticles of  the  iron  themselves,  or  to  a  subtile  fluid  pervading  them,  certain  vi- 
bratory motions,  which  motions  are  gradually  transmitted  in  every  direction, 
and  produce  the  sensatioa  of  beat,  in  tho  same  tvay  that  the  undulations  or 
vibrations  of  air,  produce  the  sensation  of  sound. 

The  fact  that  vibrations  do  occur  in  masses  of  metal  and  otJicr  substancea 
during  the  passage  of  heat  throi^h  them,  can  be  demonstrated  by  expori- 
meut.  Thus,  if  an  irregularly  curved  bar  of  hot  brass  be  laid  upon  a  sup- 
port of  cold  lead,  the  bar  will  be  thrown  inti)  a  vibratory  state,  accompanied 
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by  3,  somewhat  musical  sound  and  a  rocking  motion ;  and  this  action  con- 
tinues so  long  as  an  ioequalit  j-  of  temperature  exists  between  the  two  metals. 
There  seems  to  be  but  little  doubt  at  the  present  time  among  scientific  men, 
that  the  theory  which  ascribes  the  phenomena  of  heat  to  a  Berios  of  vibra- 
tions, or  undulations,  either  m  matter,  or  a  fluid  pervading  it,  is  substantially 
correct.  At  Ibe  same  time  it  is  not  wholly  satisfactory,  and  neither  theoiy 
will  perfectly  exphun  all  Uie  facia  in  relation  to  heat  witli  which  we  are  ac- 
quainted. For  the  purpose  of  dcBcribing  and  explaining  tho  phenomena  and 
ofifecta  of  heat,  it  is  convenient,  in  many  eases,  to  retain  the  idea  that  heat  is 


Tho  Eict  tlial  nature  nowhere  presents  us,  neither  has  art  ever  succeeded 
in  showing  us,  heat  alone  in  a  separate  state,  is  a  strong  ground  for  believing 
that  heat  has  no  separate  material  existence.'  Heat,  moreover,  can  be  pro^ 
dueed  without  limit  by  friolion,  and  intense  heat  is  also  produced  by  the  ex- 
plosion of  gunpowder.  On  tho  I'onlrsry,  as  arguments  in  fever  of  the  mala- 
rial existence  of  heal,  we  have  the  fact,  that  heat  becomes  instantly  sensible 
on  the  condensation  of  any  malarial  mass,  as  if  it  were  squeezed  out  of  it :  as 
when,  on  reducing  the  bulk  of  a  piece  of  iron  by  hammering,  wo  render  it 
red  hot  (the  greatest  amount  of  heat  being  emitted  with  the  blows  that  most 
change  its  bulk). 

Fiually,  the  laws  of  the  spreading  of  heat  do  not  resemble  those  of  the 
spreading  of  sound,  or  of  any  other  motion  known  to  us. 

82.  Relations  of  LiRlit  and  Heat.— The  relation  between  heat 
and  light  is  a  very  intimate  one.  Heat  exists  witboiit  tight,  but  all  the  ordi- 
nary sources  of  light  are  also  sources  of  heat ;  and  by  whatever  artificial  means 
natural  light  is  condensed,  so  as  to  inereasa  its  s^endor,  the  heat  which  it 

Ineandesccnce. — When  a  body,  naturally  incapable  of 
emitting  light,  is  heated  to  a  sufficient  exti.'nt  to  become 
luminous,  it  is  said  to  bo  incamiescent,  or  ignited. 

Flame. — Flame  is  an  ignited  gas  issuing  from  a  burn- 
ing body.  Fire  is  the  appearance  of  beat  and  light  in 
conjunction,  produced  by  the  combustion  of  inflammable 
Bubstances. 

The  aniaent  philosophers  used  the  term  fire  as  a  characteristic  of  the  nature 
of  heat,  and  regarded  it  as  one  of  Hie  four  elements  of  nature ;  air,  earth,  and 
water  being  the  olber  three. 


is.— Which  theory  la  ge 


HnjtcdbyGoOglc 


PEINCIFX.Ea     OF     CHJiMI 


SECTION     I. 


83.  SoDrccs  of  Heal.— The  [principal  sources  of  heat  of 
which  practical  advantage  may  be  taken,  are  the  sun,  me- 
chanical action,  cliomical  action,  and  electricity. 

84  Tlie  Sun  a  Sffurce  of  Kcat.— The  greatest  natural 
source  ot  hoit  is  the  aun^  as  it  is  also  the  greatest  natural 
source  of  light 

Although   liie  qutntity  of  hoat  aent  forth  from  the  sun  is  immenBe,  ila 
raya,  filUng  naturally,   are  ncTer  hot  enough,  even  in  the  torrid  zone,  to 
Fio  20  iiudle  (ximtuatible  Bubstancca.    By  mcang,  however, 

of  a  burniug-glaaa,  the  lieat  of  the  sun's  rajs  can  be 
conwntrated,  or  bent  toward  one  point,  called  a  foeua, 
n  sufficient  quantity  to  Bet  fire  to  substances  submitted 
to  their  action. 

Fig  20  represents  the  manner  in  which  a  burning- 
glass  concentrates  or  benda  down  the  rays  of  beat 
until  they  meet  in  a  focus. 
The  greatest  natural  temperature  ever  authentically  re- 
corded was  at  Bagdad,  in  1819,  when  the  thermometer 
(Fahrenheit's)  rose  to  120°  in  the  shade.  On  the  west 
coast  of  Africa  the  thermometer  has  been  observed  as 
high  as  108°  F.  in  the  shade.  Burckhardt  in  Ej;ypt,  and 
Humboldt  in  South  America,  observed  it  at  IIT"  F.  in 
the  shade. 

About  70°  below  the  zero  of  Fahrenheit's  thermometer 
is  the  lowest  atmospheric  temperature  ever  experienced 
by  the  Arctic  navigators. 

The  greatest  artificial  cold  ever  measured  was  220"  F. 
below  zero. 

Tliis  temperature  was  obt^ned  some  years  since  by  M.  Katlerer,  a  German 
chomlai  Professor  Faraday  lias  also  produced  a  cold  of  166°  F.  below 
zero.  Hoitlier  of  these  eKporimenters  succeeded  in  freezing  pure  alcohol  or 
etlier. 

The  estimated  temperature  of  the  space  abore  tho  earth's  atmosphere  lias 
been  estimated  at  58°  below  zero,  Fahrenheit's  thermometer. 

QOBBTIOHB.— Whut  8re  the  prinripBl  sources  of  heat  f    Whnt  is  Uie  greslert  araire  of 
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85,  Kectiatiical  Action,  considered  as  a  source  of  heat, 
includes  friction  and  compression,  or  percussidn. 

Friction.— The  supply  of  heat  wbicii  can  be  derived 
from  friction  is  apparently  unlimited. 

Sav^B  aationa  kindle  a  fire  by  the  friction  of  two  pieces  of  diy  wood; 
the  axles  of  wheels  revolring  rapidly  frequeutly  become  ignited ;  and  in  thf 
boring  and  turnii^  of  mtlal  ths  ihisela  oflcti  become  intensely  hot  In  al) 
these  cases  the  ftictiOQ  of  the  aurliices  of  wood  or  of  metal  in  conlajit  dia* 
turba  the  lateot  beat  of  theso  Bubstanoos,  and  renders  it  seoaiblo. 

The  loUowing  interesting  experiment  was  made  by  Count  Rumfbrd,  to  3- 
luatoate  the  effect  of  friction  in  producing  heat ; — A  borer  waa  made  to  r*' 
volve  in  a  cylinder  of  brass,  partially  bored,  thirty-two  limca  in  a  minate. 
The  cylinder  was  inclosed  in  a  box  containing  18  pounds  of  water,  the  tem- 
perature of  which  was  at  first  60°,  but  rose  in  an  hour  to  101° ;  and  in 
two  hours  and  a  half  the  water  boiled.  Tiio  heat  thug  obtained  was  calcu- 
lated to  be  Bomewhat  J;reater  than  tbat  given  out  during  tho  same  period  by 
the  burning  of  niuo  wax  candles,  each  ftha  of  an  inch  in  diameter. 

Recent  oxperiments  made  by  Mr.  Joule  of  Ei^land,  appear  to  show  tliat 
the  actual  quantity  of  heat  developed  by  Iriction  is  dependent  simply  upon 
the  amount  offeree  expended,  witliout  regard  to  the  nature  of  the  aubatanco 
rubbed  together.  Ho  ibuud,  as  the  result  of  a  great  j-.umber  of  esperimenla, 
that  when  water  was  agitated  by  means  of  a  horizontal  brass  wheel,  wh'eh 
wasjnade  to  revolve,  as  the  wheels  of  a  clock  are,byUie  descent  of  a  weight, 
that  the  temperature  of  the  water  was  increaaed  by  friction  ajcainat  the 
metal ;  and  that  m  this  way,  one  pound  of  water  could  be  raised  in  tempera- 
ture one  degree  by  an  expenditm-e  of  an  amount  of  force  eullicient  to  raise 
772  pounds  we^ht  to  the  height  of  one  foot.  When  cast-iron  was  rubbed 
agmnst  iron,  tho  force  required  to  produce  heat  by  friction  sufficient  to  ele- 
Tate  tho  temperature  of  a  pound  of  water  one  degree,  was  found  to  be  equiva- 
lent to  T7f>  pounds,  and  when  iron  was  rubbed  of^inst  mereury,  to  774  pounds. 

It  thus  appears  from  these  experiments,  that  force  expended  in  producing 
friction  is  converted  into  hoat,  and  that  when  a  pound  of  water  is  elevalfld  in 
temperature  one  degree,  aomo  force  equiviJent  to  the  raiang  of  a  weight  of 
about  772  pounda  to  the  height  of  one  foot  is  always  exerted.* 

•  ThiB  aiacovQty,  that  hant  and  nii>ch8.iilo!a  power  arc  mnlnally  convettiblo,  and  that 
Ito  relation  between  tlicia  is  definile,  l!i  foot-poundi  of  motive  power  being  eqnivilent  to 
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Compression.— The  reduction  ot  matter  into  a  smalkr 
coinpaea  by  an  external  or  mechanical  turce,  is  gtner'illy 
attended  with  an  evolution  of  lieit  To  such  an  act  of 
compression  we  apply  the  term  condensation 

Heat  may  be  evolved  from  tur  by  condeuaat  on.  Th  s  may  be  showQ  I  y 
placing  a  piece  of  tinder  in  a.  tube,  and  sjdd  nlv  compreBsin^  tho  air  con 
tajned  in  it  by  means  of  a  piston.  Tlio  ajr  bcmg  thu9  uondPOBcd,  parts  H  tl 
its  latent  beat  in  sufBcieut  quantity  to  set  lire  to  the  tmdec  at  the  bott  m 
of  the  tube. 

Percussion,  which  is  a  combination  of  fr  ction  and  compression  is  a  ftmil  ar 
method  of  developing  heat.  An  example  of  this  la  leen  in  tho  use  of  tl  o 
common  steel  and  flint,  in  wliich  tho  comprtaa  m  oecasioned  bv  the  *  olpnt 
collision  of  the  two  substances  elicits  heat  a  ifSc  ent  to  set  fire  tc  detacl  ed 
portions  of  HleoL  Tlia  striking  of  iron  with  a  hammer  or  the  siljcction  of 
any  metal  to  great  and  sudden  pressure  al'JO  develops  lai^Q  quantiti  s  of 

86.  Chemical  Action  is  the  pnneipal  source  resorted  to 
for  procuring  heat  artificially  Whenever  this  occuis 
with  a  high  degree  of  intensity,  heat  is  pioduccd,  accom- 
panied generally  by  an  evolution  of  b^ht  A  common 
fire,  of  wood  or  coal,  is  a  familiar  illustralnu  of  the  de\  el- 
opment  of  heat  and  light  by  chemical  action. 

87.  E I  e  1 1  r  i  c  i  t  y . — The  passage  of  accumulated  electricity 
through  varicma  substances,  or  from  one  medium  to  an- 
other, generally  produces  heat.  The  most  intense  arti- 
ficial heat  with  which  we  are  acquainted,  is  thus  produced 
by  the  agency  of  the  electric,  or  galvanic  current.  All 
known  substances  can  be  melted  or  volatilized  by  it. 

Heat  so  developed  has  not  been  employed  for  practical  or  economical  pur- 
poses to  any  great  extent ;  but  for  chemical  experimenta  and  investigations 
it  has  been  made  qnite  useful, 

88.  Other  Sourees  of  Heat,— In  addition  to  the  above- 
mentioned  sources,  some  heat  is  derived  from  the  earth 
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itselfj  and  from  the  stara  and  planetary  bodies.  Heat, 
also,  is  generated  or  excited  through  the  organs  of  a  Uv- 
ing  structure,  the  result,  undoubtedly,  of  chemical  actions 
which  are  continually  goiog  oq  in  the  systems  of  animals 
and  plants.  Heat  thus  produced  is  termed  vital,  or  ani- 
mal heat. 

Esperimentation  has  also  prored  tint  the  aimple  act  of  moiatening  any 
dry  BubstanoB  is  attended  with  slighl,  yet  constant  diset^^^ment  of  heat. 
WiHi  )]odies  of  mineral  ori^D,  when  reduced  to  a  fine  powder  with  a  view  of 
increasing  Iho  extent  of  surface,  the  rise  of  temperature  does  not  exceed  from 
half  a  degree  to  two  degrees,  Fahrcnteit's  thormomeler ;  but  with  some  ani- 
mal and  vegetable  substances,  such  aa  cotton,  thread,  hair,  wool,  ivory,  and 
well-dried  paper,  a  rise  of  temperature  vajylng  from  2"  to  even  ID"  or  14°  F. 
boa  been  observed. 

SECTION    II. 


89.  Heat  may  he  communicated  in  three  ways  :  by 
Conduction,  by  Convection,  and  by  Radiation. 

By  one  or  all  of  these  methods,  bodies  which  have  been  heated,  or  cooled, 
gradually  return  to  lie  temperature  of  surrounding  objects.  If  the  body  is 
hot,  heat  passes  from  it  to  contiguous  bodies ;  if  cold,  it  gains  heat  at  the 
expense  of  those  substancea  which  posacsa  a  liigher  temperature. 

The  three  methods  of  conununicatmg  heat  will  be  considered  in  the  order 
above  named. 

90.  Conductioil, — Heat  is  said  to  be  communicated  by 
conduction  when  it  is  transmitted  from  particle  to  particle 
of  a  substance,  as  from  the  end  of  an  iron  bar  placed  in 
the  fire  to  that  part  of  the  bar  most  remote  from  the 
fire. 

Difierent  bodies  exhibit  a  very  great  degree  of  differ- 
ence in  the  facility  or  power  with  which  they  conduct 
heat ;  some  substances  oppose  very  little  resistance  to  its 
passage,  while  through  others  it  is  transmitted  slowly,  or 
with  great  difficulty. 


lure  preservtdf    What  li 
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place  the  end  of  a  abort  rod  of 
and  of  a  rod  of  iron  of  equal  length, 
flame  of  a  lamp,  Fig.  21,  we  shall 
sen^ble  that  heat  reaches  the  fin- 
-e  rapidly  Ihroi^h  the  metal  than 
through  Uie  glaas ;  and  shall  have  a  dear 
proof  that    these    two   sutalances  differ 
grcatlj'  in  thoir  power  of  conducting  heat. 
The  diffyrent  conducting  power  of  va^ 
3  may  be  alao  Btrikingly  shown 
:s  of  rods  of  different  materials,  but  of  the  same  dimcn^ons 
(see  Fig.  22),  placing  a  hit  of  wax,  or  phosphorus  upon  one  of  thair  extremi- 
ties, and  ^plying  to  ths  other  estremiljea  an  equal  degree  of  heat.    The  wbi 
FlO.  22.  will  melt,   or  the  phosphorus   inflame    at   different 

times,  according  to  the  conducting  power  of  the  dif- 

91.  Conductors  and  \an-condnetors. 

— All  bodies  are  divided  into  two  classes 
in  respect  to  their  conduction  of  heat, 
viz.,  into  conductors  and  non-conduc- 
tors. The  former  aro  sneh  as  allow 
heat  to  pass  freely  through  them  ;  the 
latter  comprise  those  which  do  not  give 
an  easy  passage  to  it. 
92.  Conilnction  of  Solids.*— Of  all  known  substances,  the 
metals  conduct  heat  with  the  greatest  facility  ;  but  they 
differ  considerably  when  compared  with  each  other.  As  a 
general  rule,  the  denser  a  body  is,  the  better  it  conducts 
heat.  Light,  porous  substances,  more  especially  those  of  a 
fibrous  nature,  are  the  worst  conductors  of  heat.  Of  all 
es,  gold  is  the  best  conductor  of  heat,  and  may 
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be  represented  liy  the  number  100  ;  then  iron  will  bo 
37.4  ;  marble  2.3  ;  and  brick  clay  1.1, 

The  conducting  power  of  stones  is  next  to  that  of  the 
metals,  and  crystalline  stonea  are  better  conductors  than 
those  which  are  not  crystallized. 

93.  Conduction  of  Liquids.— Liquids  conduct  heat  in  a 
very  limited  degree. 

This  may  be  Hatis&cWrily  proved  by  a  numlier  of  Biniple  esperiments.  If 
a  small  qoantity  of  alcohol  be  poured  on  the  earface  of  water  and  inflamed,  it 
5  bum  for  soiTie  time.     (See  Fig.  23.)    A  thermometer,  im- 


FlQ.  23. 


meraed  at  a  small  depth  below  the  common  surface 
of  the  spirit  and  the  water,  will  fail  to  show  any  io- 

Another  and  more  simple  experiment  proves  the 
same  &ct ;  as  wlieo  a  blacksmith  imnierees  his  red- 
liot  iron  in  a  taak  of  water,  the  water  which  sur- 
rounds the  iron  is  made  boilii^  Iiot,  while  the  water 
not  immediately  in  contact  with  it  rcmainB  quits  cold. 

If  a  tube  neariy  fiUed  with  water  is  held  over  a 
Fpirit  lamp,  as  in  Fig.  24,  in  such  a  manner  as  to  di- 
rect tlie  Harae  ^mnst  Ihe  upper  layers  of  the  water, 
the  water  at  the  top  of  the  tube  may  be  kept  boiling 
for  a  conaderable  time,  without  occasioning  the 
sl^hteat  iQconvenience  to  the  person  who  holds  it. 

94.  Conduction  of  Cases.— Bodies  in 
the  gaseous,   or  aeriform  condition  are    more  imperfect 
conductora  of  heat  than  liquids. 
Common  air,  especially,  is  one  of 
the  worst  conductors  of  heat  with    igil^M 
which  we  are  acquainted. 

The  non-conducting  properties  of  flbroua 
and  porous  suhstancea  are  due  almost  alto- 
gether to  the  air  contaiDod  in  their  interstices,   ' 
or  between  their  fibers.     Those  are  so  dis- 
posed as  to  receive  and  retain  a  large  quantity  of  air  without  permitting  it  to 
circulate. 

Woolens,  furs,  eider-down.  etc.  are  well  ada[iled  for  clothing  in  winter,  noi 


Fig.  24. 
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Jiecaiwe  tliey  impart  any  hoat  to  the  body,  but  on  aeconnt  of  tiis  laT^e  quan- 
titiea  trf  air  wliith  they  oonttiin,  impriaoned  bstwecn  their  fibers ;  this  renders 
them  non-condlictors,  aud  prevents  the  escape  of  heat  from  the  body. 

Blankets  and  warm  woolen  goods  are  always  made  with  a,  nap  or  projec- 
tion of  fibers  upon  the  outside,  in  order  to  take  advantage  of  this  principle. 
The  nap,  or  fibers  retain  air  among  them,  which,  from  ita  non-conducting 
properties,  serves  lo  increase  the  warmth  of  the  materiaJ. 

The  heat  generated  in  the  animal  system  by  vital  action  has  constantly  a 
teodoney  to  escape,  and  be  dissipated  at  the  surface  of  the  body,  and  the  rate 
at  which  it  is  dis^palod  depends  on  the  difference  between  the  temperatura 
of  the  surtWie  of  the  body  and  the  temperature  of  the  surrounding  medium. 
By  interposing,  however,  a  non-conducting  substance  between  live  surface  of 
the  body  and  tlie  citernal  atmosphere,  we  prevent  the  loss  of  heat  which 
would  otherwise  take  place  to  a  greater  or  less  degrea 

An  apartment  is  rendered  much  warmer  for  being  fiimiabed  h  d  uble 
doora  and  windows,  because  the  air  mnfined  betvi  een  the  two  surfeces  op 
posca  by  reason  of  its  non-conducting  properties  the  commun  cation  of 
heat  from  the  interior. 

Snow  protecla  the  soil  in  winter  fiwm  the  efierts  of  ooH  in  the  sime  n  y 
that  lur  and  wool  protect  animals,  and  clothing  man  Snow  la  road  uj  d 
infinite  number  of  little  crystala,  which  retain  amoi:^  their  interstices  a  largo 
amount  of  air,  and  tbiis  eontiibute  to  render  it  a  non-conductor  of  heat.  A 
eovorini;  of  snow  also  prevents  the  earth  Irom  throwing  off  its  heat  by  radia- 
tion. The  temperature  of  the  earth,  therefore,  when  covered  with  snow, 
rarely  descends  much  below  tho  freezing-point,  even  when  the  air  is  fifteen 
or  twenty  degrees  colder.  Thus  roots  and  fibers  of  treea  and  plants  are 
protected  from  a  destructive  cold. 

As  a  Qon-conductii^  substance  prevents  the  escape  of  heat  from  witliin  a 
body,  so  it  is  equally  efBcacious  in  preventing  tho  access  of  lieat  from  without. 
In  an  atmosphere  hotter  than  our  bodies,  the  effisct  of  clothing  would  ba  to 
keep  the  body  cooL  Flannel  is  one  of  tho  warmest  articles  of  dress,  yet  we 
can  not  preserve  Ice  more  effectually  in  summer  than  by  enveloping  it  in  its 
folds.  Firemen  exposed  to  the  intense  heat  of  furnaces  and  steam-boilers,  in- 
variably protect  themselves  with  flannel  garments. 

Cat^oea  of  ice  shipped  to  the  tropics,  aro  generally  packed  for  preservation 
in  sawdust ;  a  easing  of  sawdust  is  also  one  of  the  most  effectual  means  of 
preventing  the  escape  of  heat  from  the  sur&cea  of  steam-boilers  and  steam- 
pipes.  Straw,  from  its  fibrous  character,  is  an  excellent  non-conductor  of 
heat,  and  is  for  this  reason  extensively  used  by  gardeners  for  incasing  plants 
and  trees  whieli  are  exposed  to  the  extreme  cold  of  winter. 

Refrigerators,  used  tor  the  preservation  of  animal  and  vegetable  substances 
in  warm  weather,  ore  double-walled  boxes,  with  the  spaces  between  tho  sides 
filled  with  powdered  charcoal  or  some  other  porous,  non-conducting  substance. 

Q0!Sti<is6.—Wh7  are  blankets  muflewllh  a  lisp?  VHial  1j  the  ubo  of  clothing'  Whf 
■Wb7  io  persona  eipomsd  to  intense  heat  wtar  flannel  7   How  are  refrigerators  eonstruelcd  f 
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Tho  scKalled"flro-proof"  safes  are  also  ODnstnicted  of  double  or  treble  vrallB 
of  iron,  with  intervoning  spaces  between  them  filled  with  gypsum,  or  "  Plas- 
ter of  Paris."  This  liaii^,  which  is  a  most  perfect  noo-oonductor,  prevents 
the  heat  from  paaamg  from  the  exterior  of  the  safe  to  the  books  and  papers 
within.  Tho  idea  of  applying  "  Plaster  of  Paris"  in  this  way  for  the  construc- 
tion of  safes,  originated,  in  the  first  mstance,  irom  a  -workman,  attempting  to 
heat  water  in  a  tin  basin,  the  bottom  and  aides  of  which  were  thinly  coated 
with  this  substance.  The  non -conducting  properties  of  tho  plaster  were  bo 
great  aa  to  almost  entirely  intercept  the  passage  of  the  heat,  and  the  man, 
to  his  surprise,  Ibund  that  the  water,  although  du-ectlj  over  the  fire,  did  not 
get  hot. 

95.  Much  of  the  economy  of  fiicl  depends  upon  a  judicious  application  of 
the  principles  which  regulate  the  conduction  of  heat.  An  instructivo  illua- 
tration  of  Uieh'  importance  is  exhibited  in  the  man- 
ner in  which  beat  may  be  economized  by  an  appro- 
priate construction  of  steam-boilers.  Thus,  o[ 
tlie  most  economical  forma,  which  is  known  a 
Coraish,  or  cylinder  boihjr,  consists  of  two  cylinders, 
placed  one  within  the  other.  (See  Fi 
tween  the  two  is  the  space  for  the  watoi 
i^ylinder  contains  the  fiimace,  flre-grates,  ash-pit,  and 
the  flue,  or  chamber  through  which  ttie  products  o' 
combustion  pass  aS.  By  this  arrangement,  the  heat 
which  would  otlierwise  be  conducted  away.bytiie 
fire-bars  and  the  masonry  of  the  ash-pit,  is  taken  up  by  tl 
,cr,  and  thus  economWl.    Tlie 


Fio.  25. 


smoke  and  hot  air  from  the  fire  also 
pass  throi^h  the  holier  for  its  wholo 
ler^^  which  is  sometimes  as  much 
as  forty,  or  oyeo  sixty  feet,  and  tlien 
return  along  the  outside  of  tiie  boiler 
through  a  chamber  of  masoniy,  be- 
fore they  finally  escape  up  the  chim- 
ney. 

In  tho  boiler  of  a  locomotire,  Fig. 
26,  the  fire-box  is  surrounded  at  tlie 
top  and  two  sid^s  by  a  double  cas- 
ing containing  water,  and  the  hot  air 
fi^m  the  furnace  passes  through  the 
water  m  the  boiler  hi  numerous 
small  parallel  flues  or  tubes  whiuh 
open  at  one  enl  mto  (he  fire  boT, 
and  at  the  other  into  th     '-moke 


Pig.  26. 
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pipe.  By  thia  last  arrangement  (he  heat  is,  as  it  were,  filtered  tlirougli  llin 
water,  and  ia  nearly  all  comuiun  cated  to  it.  Lose  of  heat  from  the  external 
Burfeces  of  loeomoHve-boilt  rs  may  be  idso  prevented  by  casing  them  with 
wood,  or  some  other  non  conducting  substance. 

96.  Conveetion. — Liquids  and  gasea,  being  non-conduc- 
tors, can  not  well  be  heated  like  solids,  by  the  communi- 
cation of  heat  from  particle  lo  particle.  Heat,  however, 
is  diffused  through  them  with  great  rapidity  by  a  motion 
of  their  pavticlea,  which  brings  them  successively  in  con- 
tact with  the  heated  surfaces.  Thia  process  is  termed 
Convection. 

Thus,  when  heat  ia  applied  to  the  totloni  ofa  vessel  containing  water,  the 
particles  which  constitute  the  lower  layers  of  Uquid  expand  and  become  lighter, 
and  a  double  set  of  currents  is  unmediately  established — one  of  hot  particles 
rising  toward  the  surface,  and  the  other  of  colder  particles  descending  to  the 
bottom.  The  portion  of  liquid  which  receives  heat  from  below  is  thus  con- 
tinnally  diflused  through  the  other  parts,  and  by  this  motion  of  the  particles 

These  currents  take  place  bo  rapidly,  that  if  a  theraiom- 
eter  be  placed  at  the  bottom  and  another  at  the  top  of  a  long 
jar  (the  Sre  being  applied  below),  the  upper  one  will  begin 
to  rife  almost  as  soon  as  the  lower  one.  The  circulation  de- 
Bcnbed  may  bo  rendered  visible,  by  adding  to  a  flask  of 
boil  ng  witer  a  small  quantity  of  bran  or  saw-duet,  or  a  few 
part  dcs  <f  bituminous  coal.    {See  Fig.  27.) 

The  process  of  cooling  in  a  liquid  is  di- 
rectly the  reverse  of  that  of  heating.     The 
particles  at  the  surface,  by  conlact  with  tho 
air,  readily  lose  their  heat,  become  heavier, 
and  sink,  while  the  warmer  particles  below  in 
i  to  the  surface. 
To  iieat  a  liquid,  therefore,  the  heat  should  bo  applied  at  tho  bottom  of  tho 
mass ;  to  cool  it,  tho  cold  ahonld  be  applied  at  the  top,  or  surface. 

The  fecQity  with  which  a  liquid  may  be  heated  or  cooled,  dfependa  in  a  great 
degree  on  tho  uiobilitr  of  its  particles.  Water  may  be  made  to  retain  its  heat 
for  a  long  time  by  adding  to  it  a  small  quantity  of  starch,  the  particles  of 
which,  by  their  viscidity  or  tenacity,  prevent  the  free  circulation  of  the  heated 
particles  of  irater.  For  the  same  reason  soup  retains  its  beat  lorger  than 
water,  and  all  thick  liquids,  liko  oil,  molasses,  tar,  eta,  require  a  considerable 
time  for  cooling. 

QDesTioKS,— Wlist  Is  eonvectton?  lUugtmle  the  oiinmiinlMtionof  heat  bj  mnvaMan. 
F.xiiJsIn  Uin  process  of  coDllng  ialiqulds.  What  circnmsUace  greiU;  inauencea  the  li»t- 
Ipg  And  conling  of  liquids? 
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97.  nealing  of  Cases  and  Vapors,— Common air,and all 
gases  and  vapors,  are  heated  in  the  same  manner  as  liquids. 
From  eveiy  heated  substance,  an  upward  current  of  air  is 
continually  rising. 

Il  is  in  accordance  with  thia  principlo  that  we  am  enabled  to  readily  wann 
thj  air  of  an  apartment  l>y  moans  of  a  Btoro,  or  fanineo.  The  dr  in  immediato 
contact  with  the  hot  aurfaco  becomes  heated  and  rises,  while  cooler  and 
heavier  air  ruahes  in  from  all  wdes  to  supply  ila  place.  This,  in  turn,  lieoonM.* 
heated  and  asoenils,  and  thus  a  circulatioQ  aimiJar  Ui  that  which  oociu^  m  a 
flask  of  boiling  water,  is  esljtbiiahed. 

98.  Winds  and  Oeean  Currents.— The  processes  of  circu- 
lation produced  by  heat  in  liquids  and  in  gases,  which 
have  been  described,  occur  upon  avast  scale  in  the  atmos- 
phere and  in  the  ocean, 

Airial  currenta  are  most  powerful  at  tlie  equator,  the  warm  air  of  which  rises 
and  mcL-ssantly  flows  in  the  upper  regions  of  the  atmoBphero  toward  Uio 
pules,  wild  1  just  as  constantly,  al  the  earth's  surfiice,  currents  of  cool  an-, 
tonstituting  the  trade  winds,  flow  from  the  poles  to  the  equator, 

ii^milar  eurreals  are  produced  by  the  same  causa  in  the  waters  of  the 
ocean.  Their  power  may  bo  inferred  tj-om  the  mfluences  which  in  some  cases 
tlity  Oiert  upon  climate.  By  Uiem  the  warm  water  of  the  Gulf  of  Mexico 
ii  carried  to  the  British  Isles,  tlierehy  producing  a  mild,  tinifbnn  warmth, 
and  a  rich  moisture;  while  through  amilar  causes,  tlie  floating  ice  of  the 
North  Pole  is  carried  to  tlie  coast  of  NewfoundUmd,  and  produces  cold.* 

99.  Radiation.— When  the  hand  is  placed  near  a  hot 
body  suspended  in  the  air,  a  sensation  of  warmth  is  per- 
ceived, even  for  a  considerable  distance.  If  the  hand  be 
held  beneath  the  body,  the  sensation  will  be  as  grcat  as 
upcm  the  sides,  although  the  heat  has  to  sboot  down 
through  an  opposing  current  of  air  approaching  it.  This 
effict  does  not  arise  from  the  heat  being  conveyed  by 
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meaoa  of  a  hot  current,  amce  all  the  heated,  particles  have 
a  uniform  tendency  to  rise  ;  neither  can  it  depend  upon 
the  conducting  power  of  the  air,  because  aeriform  sub- 
stances possess  that  power  in  a  very  low  degree,  while  the 
sensation  in  the  present  c^se  is  excited  almost  on  the  in- 
stant. This  method  of  distributing  heat,  to  distinguish  it 
from  heat  passing  hy  conduction,  or  convection,  is  called 
radiation,  and  heat  thus  distributed  is  termed  radiant,  or 
radiated  heat. 

Heat  is  communicated  through  space  by  radiation  in 
straight  lines,  and  its  intensity  diminishes  as  the  square  of 
the  distance  from  the  center  of  action  increases. 

Thus  the  heating  effect  of  any  hot  body  is  nine  times  leas  at  three  feet 
llian  at  ono  ]  aixteeu  times  less  at  four  foct ;  and  twenty-livo  times  loas  at 
Qvc. 

All  bodies  radiate  heat  in  some  measure,  but  not  all 
equally  well ;  radiation  heing  generally  in  proportion  to 
the  roughness  of  the  radiating  surface.  All  dull  and  dark 
substances  are,  for  the  most  part,  good  radiators  of  heat ; 
but  bright  and  polished  substances  are  generally  bad 
radiators.  Color,  however,  alone,  has  no  effect  on  the 
radiation  of  heat. 

A  liquid  contained  in  a  bright,  highly -polished  metal  pot,  Trill  rotain  its 
heat  much  longer  than  in  a  dull  and  blackened  onov  This  is  not  due  to  the 
polish  or  brightness  of  the  surfece,  but  to  the  fact  tliat,  by  polisliinft,  the  sur- 
face is  rendered  dense  and  smooth,  and  aueh  surfaces  do  not  allow  the  heat  to 
escape  readily.  If  we  cover  the  polished  metal  surfuce  with  a  thin  cotton  or 
linen  doth,  so  as  to  render  the  surface  less  dense,  the  radiation  of  heatj  and 
consequont  cooling,  will  proceed  rapidly. 

Black  lead  is  one  of  the  best  known  radiators  of  heat^  and  en  this  account 
is  generally  employed  for  the  blackening  of  stoves  and  hot-air  flues.  As  a 
high  polish  is  unfavorable  to  radiation,  stoves  should  not  be  too  highly  polisbcd 
.witli  this  substance. 

The  great  supply  of  heat  t^  tlio  earth  IVom  tho  sun  U  transmitted  by  tho 
process  of  radiation.  Some  idea,  of  the  amount  of  heat  thus  received  by  the 
earth  may  be  formed  from  a  oiloulation  of  Professor  Faraday,  which  indicated 
(hat  the  average  amount  of  heat  radiated  in  a  summer's  day  upon  each  aero 
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of  land  In  the  latitndo  of  London,  is  not  less  than  that  which  woulJ.  bo  pro- 
ducod  by  tlie  combustioo  of  18,000  pounds  of  coaL 

The  radiation  of  heat  goes  on  at  all  times,  and  from  all 
surfaces,  whether  their  temperature  be  the  same  as,  or  dif- 
ferent from  that  of  surrounding  objects ;  therefore  the 
temperature  of  a  liody  falls  when  it  radiates  more  heat 
than  it  absorbs  ;  its  temperature  is  stationary  when  tho 
quantities  emitted  and  received  are  equal ;  and  it  grows 
warm  when  the  absorption  exceeds  the  radiation. 

If  Q  body,  at  any  tempcrat'ire,  bo  placed  among  other  bodies,  it  nill  affect 
thoir  condition  of  tomperiituro,  or  as  we  osproaa  it,  it  will  affect  them  ilier- 
maliy;  just  aa  a  candle  brought  into  a  room  illuminates  all  bodies  in  its  pres- 
ence ;  with  this  differonco,  howovor,  tliat  if  the  candle  be  extmguished,  no 
more  light  is  diffused  by  it ;  but  no  body  can  be  Ibennally  citineuiBbed.  All 
bodies,  however  low  be  their  temperature,  contain  beat,  and  ttierelbre  radiate 
it. 

If  a  piec9  of  ice  bo  held  before  a  tbormometBr,  it  will  cause  tho  mercury  in 
Its  lube  to  fall,  and  lienea  it  has  been  supposed  that  the  ice  emitted  rays  of 
cotd.  Tliis  suppodtion  is  erroneous,  llie  ice  and  the  thermometer  both 
radiate  heat,  and  each  absorbs  more  or  teas  of  what  the  other  radiates  toward 
it  But  the  ico,  being  at  a  lower  temperature  than  the  thermometer,  radiates 
less  than  the  thermonieter,  and  therefore  tlie  thermometer  absortia  less  than 
the  ico,  and  consequently  falis.  If  tho  thermomoter  placed  in  the  presenco 
of  the  ice  bad  been  at  a  lower  temperature  than  the  ice,  it  would,  for  liko 
reasons,  have  risen.  Tho  ice  in  that  ease  would  have  warmed  Uio  ther- 
mometer. 

100.  BispositioH  of  Radiant  fleat.— When  rays  of  heat 
radiated  from  one  body  fall  upon  the  Euifaee  of  another 
body,  they  may  be  disposed  of  in  three  ways  :  1.  They 
iuaj  rebound  from  its  surface,  or  be  reflected  ;  2.  They 
may  be  received  into  its  surface,  or  be  absorbed  ;  3.  They 
may  pass  directly  through  the  substance  of  the  body,  or 
be  transmitted, 

101.  Refleetion  of  Heat.— Polished  metallic  surfaces  con- 
stitute the  best  reflectors  of  beat ;  but  all  bright  and  light 
colored  surfaces  are  adapted  for  this  purpose  to  a  greater, 
or  less  degree. 

Water  requires  a  longer  time  lo  become  hot  in  a  bright  tin  vessel  than  in  a 

QOBBTiose.— Dofs  reatstl  on  proceed  ccmstantly  fmm  all  bodies  7    Why  doei  the  mer. 


HnjtcdbyGoOglc 


73  PRINCIPLES     OF     CHEHISTET. 

dark  colored  one,  because  tlia  beat  is  reflected  from  the  brigbt  surGice,  and 

.The  power  of  reflection  of  beat  seems  to  reside  aJmoat  excliiwely  in  the 
Burfaee.  A  film  of  gold  lea^  not  exceeding  l-2OO,O0Oth  of  an  inch  in  thick- 
ness, answers  IJie  purpose  of  a  reflector  nearly  as  well  as  a  mass  of  solid  gold. 
103.  Absorption  of  Heat.— The  power  of  absorbing  heat 
varies  with  almost  every  form  of  matter.  Surfaces  are 
good  absorbers  of  heat  in  proportion  as  they  are  poor  re- 
flectors. The  best  radiators  of  heat  also  are  the  most  pow- 
erful absorbers,  and  the  most  imperfect  reflectors. 

Dark  colors  absorb  heat  from  the  sun  more  abundantly  than  light  ones. 
This  may  be  prored  by  placing  a,  piece  of  black  and  a  piece  of  white  cloth 
npon  the  anow  exposed  to  the  sun ;  in  a  few  hours  the  black  cloth  will  have 
melted  the  snow  beneath  it,  while  the  white  doth  will  have  produced  little 
or  no  effect  npon  it. 

A  piece  of  brown  paper  submitted  to  the  nction  of  a  burning-glass,  ignites 
much  more  quickly  than  a  piece  of  white  paper.  The  reason  of  this  is,  that 
the  white  paper  reflects  the  rays  of  the  euii,  and  thoug-h  but  slightly  heated 
appears  higl Jy  luminous ;  whQe  the  brown  paper  which  absorbs  the  rays, 
reatUly  becomes  heated  to  ignition.  For  the  same  reason  a  kettle  whoso  bot- 
tom and  ades  are  covered  with  soot,  heats  water  more  readily  than  a  kettle 
whose  sides  are  bright  and  clean. 

Air  absorbs  heat  very  slowly,  and  docs  not  readily  part  with  it.  Air  is  not 
heated  lo  an j  extent  by  the  direct  raya  of  the  sun.  The  sun,  however,  heats 
the  surface  of  the  earth,  and  the  air  restinB  upon  it  is  heated  by  contact  with 
it,  and  ascends,  its  plaeo  being  supplied  by  colder  portions,  which  in  turn  are 
healed  also. 

This  reluctance  of  air  to  part  with  its  heat  occasions  soma  very  curious  dif- 
fereneea  between  its  burning  temperature  and  that  of  otlier  bodies.  Metals, 
which  are  generally  the  beat  conductors,  and  therefore  communicate  heat 
most  readily,  can  not  be  handled  with  impunity  when  raised  to  a  temperature  . 
of  more  tlian  120°  F. ;  water  becomes  scalding  hot  at  150""  F. ;  hut  air  ap- 
plied to  the  akin  occasions  no  very  painfid  sensation  when  its  beat  is  Gu'  be- 
yond that  of  boihr^  water. 

103.  Formation  of  Dew. — Dew  is  the  moisture  of  the 
air  condensed  by  coming  in  contact  with  bodies  colder 
than  itself. 

As  soon  as  the  sun  has  set  in  summer,  and  the  earth  is  no  longer  reeeivlnj 
now  supplies  of  heal,  its  surface  begins  to  throw  off  the  heat  (which  it  liaa 

QDEHTiose Whcrp  aoes  the  power  of  rcBcettng  hpat  rradae  io  solid  bodies  t    How 
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accumalaCeii  during  the  daj)  by  radiation ;  tl:o  air,  liowover,  doea  not  radints 
its  luiat,  and,  in  consequence,  the  difl'erent  objet-ts  upon  tlie  earth's  sai^e 
are  soon  cooled  down  from  7  to  25  dcureaa  below  tlie  temperatura  of  the  sur- 
rounding atmosphere'  Tlie  warm  vapor  of  tlie  air  commg  m  contact  with 
these  cool  bodies,  U  condensed  lad  preLipituted  as  dew 

All  bodies  have  not  an  equal  c^racil^  for  rtdiatmg  heat,  but  some  cool 
mach  more  rapidly  and  perfectly  thin  othois  Hence  it  lollops,  that  with 
the  flame  exposure,  some  bodies  will  be  denaclj  covered  with  dew,  while 
others  will  remain  perifeetly  dry.  Gnaa  the  le-n  es  of  trees  wood  cti;.,  radiate 
lioat  very  freoly ;  but  polished  melaJs,  smooth  stones,  and  woolen  cloth,  ptwt 
with  their  heat  slowly:  tlie  former  of  these  substances  will  therefore  be  com- 
pletely drenched  with  dew,  whilo  tlie  latter,  in  the  eame  situations,  will  bo 
almost  dry. 

The  Burfeces  of  rocks  and  barren  lands  arc  BO  compact  and  hard,  that  they 
can  neither  absorb  nor  radiate  much  heat ;  and  (as  their  temperature  yariea 
but  slightly)  httlo  dew  is  deposited  upon  them.  Cultipatcd  soils,  on  tho 
contrary  (being  loose  and  porous)  very  freely  radiate  by  night  the  heat  which 
tliey  absorb  by  day  ;  in  consequence  of  whidi  tliey  are  much  cooled  down, 
and  plentifully  condense  the  vapor  of  the  air  into  dew.  Such  a  condition 
of  things  is  a  remarkable  evidence  of  design  on  the  part  of  the  Creator,  since 
every  plant  and  inch  of  land  which  needs  tlie  moisture  of  dow  is  adapted  to 
collect  it;  but  not  a  siogle  drop  is  wasted  whore  iw  refreshing  moisture  ia not 
required. 

Dew  is  always  formed  upon  the  surface  of  the  malerial 
upon  which  it  is  found,  and  doea  not  fall  from  the  atmos- 
phere. 

104.  Frosl  is  frozen  dew.  When  the  temperature  of 
the  hody  upon  which  the  dew  is  deposited  sinks  below  32° 
F.,  the  moisture  freezes  and  assumes  a  solid  form,  consti- 
tuting what  is  called  "frosi." 

105.  Dew-Point.— The  temperature  at  which  the  con- 
densation of  moisture  in  the  atmosphere  commences,  or 
the  degree  indicated  by  tho  thermometer  at  which  dew 
begins  to  be  deposited,  is  called  the  "  Dew- Point." 

This  point  is  by  no  means  constant  or  invariable,  anco  dew  is  only  di:- 
posited  when  the  air  is  saturated  with  vapor,  and  the  amount  of  moisture  ri.- 
quired  to  saturate  air  of  high  temperature  is  much  greater  than  ibr  air  of 
low  temperature. 

If  the  saturation  be  complete,  the  least  duninufion  of  lemperatm^  is  at- 
tended with  the  formation  of  dew  |  but  if  the  air  is  dry,  a  body  must  be 
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several  de^^cs  colder  before  moisfuro  ia  depoaiteil  on  ifs  surfiioe;  and  indeeii 
the  drier  tlie  attnospiioro,  the  greater  will  be  the  difference  between  the  tem- 
perature and  its  dew-point. 

Dew  may  be  produced  at  any  ttme  by  bringii^  a  vessel  of  cold  waler  into 
a  warm  room.  The  aidea  of  the  vesael  cool  the  surrounding  <ur  to  such  an 
extent  that  It  can  no  ioiiger  retain  all  ita  vapor,  or,  in  other  words,  the  tem- 
perjiture  of  the  air  contiguous  to  the  cold  surfhee  is  reduced  below  the  dew- 
point  ;  dow  therefore  forms  upon  tlio  vcEseL  A  pitcher  of  water  under  such 
circumstances  is  vulgarly  s^d  to  "  sweat." 

106.  Transmission  of  Heat.— Heat  derived  from  the 
sun,  like  liglit  emanating  from  the  same  source,  passes 
through  all  transparent  bodies,  without  material  loss ; 
Imt  heat  derived  from  terrestrial  and  less  intense  sources, 
is  in  great  part  arrested  by  many  substances,  which  allow 
light  to  pass  freely. 

Thus,  a  plate  of  glass  held  between  one's  lace  and  the  sun  will  not  protect 
it,  but  hisld  between  the  Gice  and  a  fire,  it  will  intercept  a  large  proportion  of 
tlie  heat. 

The  power  of  heat  to  penetrate  a  dense  transparent 
substance  increases  in  proportion  as  the  temperature  of 
the  body  from  which  it  is  radiated  increases. 

Roolc-salt  appeals  to  be  the  only  substance  which  transmits  an  equal 
amount  of  heat  from  all  sources.  It  has,  hence,  been  called  the  "glass  of 
heat,"  since  it  permits  heat  to  paas  with  the  same  eaao  that  glass  doea  light 
Alum,  on  the  contrary,  which  is  nearly  transparent,  ahnost  entirely  intercepts 
the  passage  of  terrestrial  heat  Hea,!,  indeed,  will  pass  more  readily  through 
a  black  glass,  so  daric  that  the  sun  at  noonday  is  scarcely  disccmibte  through 
it,  than  through  a  thin  plate  of  clear  alum. 

Transparent  substances  of  considerable  density,  such  as  glass,  alum,  water, 
rock-crystal,  etc.,  interfere  most  with  the  pasa^e  of  heat ;  while  traasparenC 
substances  of  litUe  dendty,  as  air,  tlio  various  gases,  etc.,  allow  heat  to  pass 
with  comparatively  httlo  interruption. 

Those  substances  which  transmit  heat  most  freely,  are 
termed  diatkermanous  ;  and  those  which  intercept  the 
rays  of  heat  more  or  less  completely,  athermanous. 


mrcca  1  Upon  wlial  does  the  po<r«r  of  heal  (a  penetrs 
lubslunTG  Iransniits  heat  most  readll}-?  What  loaat 
to  Indlsto  bbedlSuonce  tn  blfdies  a£  respects  the  tram 
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SECTION    III. 

107.  Universal  Intluence  of  Heal,— The  form  of  all 
bodies  appears  to  be  materially  affected  by  heat ;  by  its 
increase  solids  are  converted  into  liquids,  and  liquids  into 
vapor ;  by  its  diminution  vapors  are  condensed  into  liquids, 
and  these  in  turn  become  sollda. 

If  matter  ceased  to  be  influenced  by  heat,  all  liquiila,  vapors,  and  doubtless 
even  gases,  would  bectimc  pormanently  solid,  aod  all  motion  oa  the  EurCico 
of  the  earth  would  be  arrested. 

108.  Specific  Heat. — All  bodies  contain  incorporated 
with  them  more  or  less  of  heat ;  but  equal  weights  of  dis- 
similar substances  require  imequal  quantities  of  beat  to 
elevate  them  to  the  same  temperature. 

Thui,  if  we  place  a  pound  of  water  and  a  pound  of  mercury  over  a  fire,  it 
will  be  (bund  timt  tlie  mercuiy  will  attain  xo  any  given  temperature  much 
quicker  than  tho  water.  Or  if  we  perform  tlie  convei^  of  this  experiment, 
and  take  two  equal  quantities  of  mercuiy  and  water,  and  having  heated  them 
to  tlie  same  degrea  of  temperature,  allow  them  W  cool  fVeely  in  flic  air,  it  will 
b3  found  that  the  wat«r  will  require  much  more  time  to  eoo!  down  to  a  com- 
mon temperature  than  tho  mereuiy.  The  water  obviously  contdns  more  heat 
at  the  elevated  temperature  than  the  mercury,  and  therefore  requires  a  letter 

Dissimilar  substances  require,  respectively,  different 
quantities  of  beat  to  raise  their  temperature  one  degree  ; 
and  the  quantity  of  heat  required  to  raise  any  substance 
one  degree  in  temperature,  as  compared  with  the  quantity 
required  to  raise  an  equal  ^weight  of  eome  other  substance, 
selected  as  a  standard  of  comparison,  one  degree,  is  called 
its  specific  heat.  In  like  manner,  the  weight  which  a 
bjdy  includes  under  a  given  volume,  is  termed  its  specific 
weight.  Water  is  adopted  as  the  standard  for  comparing 
the  different  quantities  of  heat  which  equal  weighls  of 
dissimilar  substances  contain. 
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109.  Capacity  for  Heat, — A  substance  is  said  to  have  a 
greater,  or  Jess  capacity  for  heat,  according  as  a  greater, 
or  lesa  quantity  of  heat  is  required  to  produce  a  definite 
change  of  teuiperature,  or  an  elevation  of  temperature  of 
one  degree. 

In  general,  the  capacity  of  bodies  for  beat  decreases  with  their  denatj. 
Tlius  mercury  liaa  a  leaa  capacity  for  lioat  tlian  water,  because  its  density  is 
greater.  Air  that  is  rarefied,  or  thia,  has  a  greater  capaeity  for  heat  than 
dense  ^r.  This  circumstance  will  explain,  in  part,  the  reason  of  the  very  low 
temperatures  which  exist  at  great  elevations  in  the  atmosphere.  Persons 
ascending  high  mountaius,  or  in  balloons,  find  that  the  cold  increases  with 
the  elevation.  The  reason  of  this  is,  that  the  air  in  the  upper  regions  of  tha 
atmosphere,  relieved  from  superincumbent  pressure,  is  expanded  and  rarefied; 
its  capacity  foe  heat  is,  therefore,  greatly  increased,  and  it  absorbs  its  own 
sensible  beat. 

In  all  quarters  of  the  globe,  the  temperature  of  the  :ur  at  a  certain  height 
is  reduced  so  low  by  its  rarefaction,  that  water  can  not  exist  in  a  liquid  state. 
This  hmit,  the  height  of  which  varies,  bemg  the  most  elevated  at  tiie  eqiialor, 
and  the  moat  depressed  at  tho  poles,  is  called  the  line  of  Pebpetuai,  Smow.* 

If  compressed  air  be  allowed  suddenly  to  expand,  by  escaping  into  the  at- 
mosphere, the  rarefacUon  produced  increases  its  capacity  for  heat;  it,  there- 
fore, absorbs  heat  most  readily,  and  occasions  a  sensation  of  cold.  It  is  on 
this  account  that  ^  fbrciljly  expelled  from  the  month  feels  cool. 

On  the  contrary,  if  we  compress  a  quantity  of  air,  and  render  it  more  dense, 
we  diminish  its  caparaty  for  heat,  and  it  becomes  incapable  of  retaining  what 
was  beibre  incorporated  into  its  substance.  The  proof  of  this  may  I>e  fbond 
in  the  fact,  that  by  the  sudden  compresaon  of  a  small  quantity  of  air  in  a 
suitable  vessel  we  may  obtain  a  sufficient  amount  of  heat  to  ignite  tinder  and 
other  infiammablo  substancca 

The  capacity  for  heat  increases  with  the  temperature. 
Thus  it  requires  a  greater  amount  of  heat  to  elevate  the 
temperature  of  platinum  from  212°  to  213°,  than  from 
32°  to  33°. 

A  body  in  a  liquid  state  has  a  higher  specific  heat 
than  the  same  substance  when  it  is  in  the  solid  form. 


d  bf  capftcity  for  heatT 
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This  is  remarkably  shown  in  the  case  of  water,  the  specific 
heat  of  which  is  double  that  of  ice. 

Of  all  known  substances,  water  has  the  greatest  capacity  for  beat  This 
circumstance  readers  tho  oooan  a  great  reservoir  of  lioalj  and  a  regulator  of 
temperatures  upon  the  aurlaee  of  the  eartlj,  Tlius  in  hot  weather,  the  water 
of  the  ocean,  on  account  of  its  great  capacity  for  heat,  absorba  and  retains 
large  quantities  from  the  air ;  the  air,  tlicrefore,  aocumulatea  heat  but  slowly., 
In  cold  weather,  the  heat  previously  absorbed  by  the  ocean  ia  gradually  re- 
Btored  to  the  air,  and  a,  sudden  reduction  of  atmospheric  temperature  is  pre- 
vented. It  is,  tberefbre,  mainly  on  this  account  that  sea-coasts  and  islands 
enjoy  a  more  uniform  temperature  than  the  interior  of  continents.  In  the 
stunmcr,  t}ie  proximity  of  the  aea  serves  to  mitigate  the  heat;  in  the  winter, 
to  diminish  the  cold.  Inland  lakes,  in  like  manner,  raise  the  mean  tempera- 
ture. The  climate  of  the  shores  of  Lake  Erie  Is  much  milder  than  that  of  the 
adjacent  inland  country,  and  fhiit  maybe  successfully  cultivated  at  Cleveland, 
upon  the  southern  shore,  which  Gula  to  ripen  in  districts  further  south. 

An  ocean  of  mercury  would  produce  vejy  different  results,  since  it  is  ca- 
pable of  absorbing  but  a  small  amount  of  heat,  which  it  readily  parla  witli  at 
a  slight  reduction  of  temperature. 

110.  Cal-orim'D-try.— The  art  of  detenniDing  the  spe- 
cific heat  of  various  suhstances  is  called  Calorimetry. 

Several  different  methods  may  bo  employed  for  this  purpose.  One  method 
cnnsisla  in  inclosing  equal  weights  of  dilTerent  substances,  heated  to  the  samo 
temperature,  in  closed  cavities  in  a  block  of  ice,  and  measuring  the  respective 
quMititiea  of  water  which  they  produce  by  melting  the  ice. 

The  aame  result  may  also  be  obtained  by  what  is  called  the  method  of  mix- 
tures. Thus,  if  we  mix  1  pound  of  mercury  at  66"  with  1  pound  of  water 
at  32°,  the  common  temperature  will  be  33°.  Here  the  mercmy  loses  33" 
and  tlie  water  gains  1"  ]  that  is  t«  say,  the  33°  of  the  mercury  only  elevates 
the  water  1°,  therefore  the  capacity  of  water  for  iieat  is  33  times  that  of 
mercury;  or,  ifwe  callthocapaeityorspeoifleheatof wat^rl,  thenthecapacjty, 
or  specific  beat  of  mereury,  aa  compared  with  water,  will  be  l-33d,  or  .303. 

In  tliis  way  the  speoiflo  heat  of  a  great  number  of  bodies  has  been  deter- 
mined, and  tables  constructed  in  wliieli  they  are  recorded. 

111.  Apparent  Effects  of  lIeat,^The  three  most  appa- 
rent effects  of  heat,  so  far  as  they  relate  to  the  form  and 
dimensions  of  Lodies,  are  Expansion,  Liquefaction,  and 
Vaporization. 

112.  Thforj-  of  Elpansion.— Heat  operates  to  produce 

hut  prodncfl  cxpaoBion  f 
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expansion  by  introducing  a  repulsive  force  among  the 
particles  of  the  body  it  pervades.  This  repulsive  force 
gives  to  the  particles  a  tendency  to  separate,  or  increase 
their  distance  from  one  another.  Hence  the  general  mass 
of  the  body  is  made  to  occupy  a  larger  space,  or  expand. 

The  expansion  occasioned  by  heat  is  greatest  in  those 
bodies  which  are  the  least  influenced  by  cohesion.  Solids 
expand  less  for  equal  elevations  of  temperature  than 
either  liquids  or  gases. 

The  expansion  of  the  same  body  will  continue  to  in- 
crease with  the  quantity  of  heat  that  enters  it,  so  long 
as  the  form  and  chemical  constitution  of  the  body  is  pre- 
served, 

1X3.  Eipansion  of  Solids.— Sohdsappearto  expand  uni- 
formly from  the  freezing  point  of  water  up  to  212°,  the 
boiling  point  of  water ; — that  is  to  say,  the  increase  of 
volume  which  attends  each  degree  of  temperature  which 
the  body  receives  is  equal.  When  solids  are  elevated, 
however,  to  temperatures  above  212°,  they  do  not  dilate 
uniformly,  but  expand  in  an  increasing  ratio. 

Different  solidR,  however,  expand  very  unequally  for 
equal  additions  of  temperature. 

Is  expand  tlie  most ;  but  an  iron  wiro  ineroases  only 
1-282  in  bulk  when  healed  from  32"  of  the 
thermometer  up  to  212°.  Zinc  is  the  most 
eipaosible  of  tlie  metals,  and  platiuamthe 
most  unifona  in  its  rato  of  expansion  at  all 
temperatureB.  Wood  and  marble  expand 
but  slightly. 

Theespan^on  ofsoKds  by  heat  is  clearly 
shown  by  tlie  following  experiment,  Fig. 
28.  TO  represents  a  ring  of  metal,  through 
which,  at  the  ordinary  temperature,  asmal! 
iron  or  eopper  ball  a,  will  pass  freely,  this 

ball  bemg  a  little  lesa  than  the  diameter  of 

the  ring.    If  tliisball  bo  now  heated  by  the 

flams  of  an  alcohol  lamp,  it  will  expand  by  heat  to  such  an  extent  as  no 

longer  to  paaa  through  the  ring. 

of  bodies  bf  he&t  Uoiited  t    Wlut  is  the  law  of  eipanslDa  for  EulLde  ■ 
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Bodies,  in  general,  expanded  under  tlio  influence  of 
h^at,  return  to  their  original  diniensiona  in  cooling. 

Lead,  however,  is  an  exception  W  this  rule.  From  its  extreme  softness, 
its  pmtielos  slide  over  each  otlier  iu  the  act  of  eipan^on,  and  do  not  return 
to  thisr  original  position.  "  A  leaden  psjie,  used  for  conveying  Bteam,  perma- 
nently lengthens  some  inohea  in  a  aliort  time,  and  the  leadon  flooring  of  a 
sink,  -whieh  often  receives  hot  water,  beco^ies,  in  the  course  of  use,  thrown 
up  into  ridges  and  puckers." 

114.  Force  of  Expansion.— The  force  with  wliicli  bodies 
expand  and  contract  under  the  influence  of  the  increase 
or  diminution  of  heat,  is  apparently  irresistible,  and  ia  re- 
cognized as  one  of  the  greatest  forces  in  nature. 

The  amount  of  force  with  which  a  solid  hody  wAl  ex- 
pand or  contract  through  the  influence  of  beat,  is  equal 
to  that  which  would  be  required  to  compress  it  by  me- 
chanical means  through  a  space  equal  to  its  expansion,  or 
elongate  it  through  a  space  equal  to  its  contraction. 

A  bar  of  malleable  mm,  having  a  seclJoa  of  a  Equaro  inch,  ia  Btrctched 
l-10,00l}lh  of  its  length  by  a  ton  wci^t;  a  similar  elongation  ia  produced  by 
the  influence  of  about  sixteen  degrees  of  boat,  Fabrenlieit.  In  (his  chmate,  a 
variation  of  80°  F.  between  the  cold  of  winter  and  Iho  bent  of  summer  not 
«n&ei[uently  takes  place.  Witliin  these  liniita,  a  wtoi^ht  iron  bar  ten  incbca 
long  will  vary  in  hsngth  5-1, 000th  of  an  inch ;  and  is  capable  of  excrUng  a 
strain  of  fifty  tons  upon  a  square  ineli. 

Experiments  made  a  few  years  since  demonstrated,  that 
Buukcr  Hill  monument  is  caused  to  vary  each  day  from 
a  vertical  position,  by  the  heat  of  the  sun  expanding  un- 
equally the  granite  of  which  it  is  constructed. 

The  expansion  of  Eolids  by  heat  is  made  applicable  for  many  useful  pur- 
poses in  the  arts.  Tlie  tires  of  wheels,  and  hoops  surrounding  water-vata, 
barrels,  etc.,  are  made  in  the  first  instance  somewliat  smaller  than  the  frame- 
^vork  they  are  intended  to  surround.  They  are  then  heated  red  hot  and  put 
on  iu  an  expanded  conditiOQ ;  on  cooling,  they  contract  and  bind  together  the 
several  parts  with  a  greater  foroo  than  could  bo  conveniently  applied  by  any 
mechanical  means.  In  like  manner,  in  constructing  steam-boilers,  the  rivets 
are  fastened  whilo  hot,  in  order  that  they  may,  by  subsequent  contracUon, 
bind  the  plates  together  moro  flrmly. 
In  many  opeistions,  however,  tlie  force  of  expansion  reqnircs  to  be  care- 
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fully  guarded  against     Tliia  ia  especially  the  case  when  iron  ia  combined  in 
any  structure  with  leas  eipanable  materials, 

Iroa  clamps  and  bars,  built  into  walla  of  masonry,  frequently  weaken,  or 
desttoy,  by  their  espanabn  and  contraction,  Uic  Btracture  they  were  intended 
to  support  Iron  pipes  used  lor  the  conveyaneec'' steam  or  hot  water,  should 
not  be  allowed  to  abut  l^ainst  a  wall,  or  Bubstance  wliich  might  be  moved, 
or  injured  by  (heir  expansion. 

115.  Expansion  of  liquids.— Liquids  expand  through 
the  agency  of  heat  more  unequally,  and  to  a  much  greater 
extent  than  Bolidt^. 

A  column  of  water  coiitiiincd  in  a  cylindrical  glass  vessel  will  expand 
I-23d  in  length  on  being  heated  from  the  freezing  to  the  boiling  point,  while 
a  column  of  iron,  willi  the  same  increase  of  temperature,  will  expand  only 
l-846th. 

A  familiar  illustration  of  the  expansion  of  water  by  heat  is  seen  in  the  over- 
flow of  full  voiMcla  before  b-iiiing  commences. 

Different  liquids  expand  very  unequally  with  an  equal  increase  in  tem- 

Thia  may  be  illustrated  by  partially  filling  Eeveral  glass  tubaa  furnished 
with  bulba,  with  different  liquids,  as  ether,  alcohol,  water,  and  sulphurio  acid, 
and  placing  tlioni  in  a  vessel  of  hoi  water.    Thclc 
different  rates  of  expansion  will  cause  them  to  rise 
to  ilitFerent  heights  in  the  tubes.    (See  Fig.  29.) 

Spirits  of  wine,  on  being  heated  from  32o  to 
212°,  inorease  in  bulk  one  ninth ;  the  oils  expand 
one  twelfth,  and  water  gains  one  tweuty-lhini.  A 
person  buyirg  oil,  molasses,  and  spirits  in  winter 
will  obtain  a  greater  weight  of  the  same  material, 

ight  of  summer,  will  measure  flvo  per  cent. 

han  in  the  depth  of  winter,  or  twenty  gal- . 
Ions  bought  in  January  will,  under  ordinary  circumstances,  become  twenty- 
one  in  July. 

116.  Inequal  Espaiision  of  Water.— Water,  as  it  de- 
creases in  temperature  toward  the  freezing  point,  exhihits 
phenomena  which  ai-e  wholly  at  variance  with  the  general 
law  that  hodies  expand  hy  heat  and  contract  by  cold,  or 
by  a  withdrawal  of  heat. 

As  the  temperature  of  water  is  lowered,  it  continues  to  contract  until  it 
arrives  at  a  temperature  of  39°  i'.,  when  all  further  contraction  ceases.  The 
volume  or  bulk  is  obsorvoil  to  remain  stationury  for  a  time,  but  on  lowering 
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tliB  temperatuto  stiil  more,  inatead  of  contraction,  expansion  h  produced,  and 
Ihia  expansion  continues  at  an  inereasiiig  rata  nntil  tha  water  is  congealed. 

Water  attains  its  greatest  density,  or  the  greatest 
quanlity  is  contained  in  a  given  bulk,  at  a  temperature  of 
39°  F. 

Ab  the  temperaturo  of  water  continues  to  decrcaBo  below  39°,  the  point  of 
its  greatest  dcnaity,  ita  particles,  from  their  expansion,  necessarily  occupy  a 
larger  space  tbaa  thoae  which  poeaesa  a  temperature  eomcwliat  more  elevated. 
The  coldest  water,  therefore,  being  lighter,  rises  and  floats  upon  the  Burfaee 
of  the  wanner  water.  On  the  approach  of  winter  this  phenomenoQ  actually 
takes  place  in  our  lakes,  ponds,  and  rivers.  When  the  sur&ce  water  becomes 
suffleiently  chilled  to  assume  tlio  form  of  ice,  it  becomes  still  lighter,  and  con- 
tiouea  to  float.  By  this  arrangement,  water  and  ico  beii^  almost  perfect 
non-conductors  of  heat,  the  great  mass  of  the  water  is  protected  from  tha 
influence  of  cold,  and  prevented  from  becoming  chilled  throughout 

A  few  other  liquids  beside  water  expand  with  a  reduction  of  tcmpcraturo. 
Fused  iron,  antimony,  zinc,  and  bismuth,  are  examples  of  such  expansion. 
Mercury  is  a  remarkable  instance  of  the  reverse,  for  n  hen  it  fruezes,  it  suQerH 
a  very  great  contraction. 

The  ordinary  temperature  at  which  water  thiezos  is  32°,  Fahrenheit's  ther- 
mometer. This  rule  apphes  only  to  fresh  water ;  ealt  water  never  freezes 
until  the  surface  is  cooled  down  to  21°,  or  five  degrees  lower  than  the  freezing 
point  of  fresh  water. 

117.  Eipansion  ot  Gases, — Gases  are  more  expansible 
by  heat  than  either  solids,  or  liquids.  All  gases  and  all 
vapors,  except  at  the  point  of  condensation,  are  expanded 
equally  by  the  application  of  equal  additions  of  heat.  The 
rate  of  expansion  is  equal  to  the  l-490th  of  the  bulk  which 
a  gas  possesses  at  32°  F.  for  every  degree  of  heat  which  it 
receives  above  that  point,  and  for  every  degree  of  heat 
withdrawn  from  them  a  contraction  to  an  equal  amount 
takes  place. 

Thus  490  oubicinohesofair  at  32"  F.  becomes  491  cubic  mches  at  33"  F.; 
st  34°  F.,  492  cubic  inches ;  at  35°,  493,  and  ao  on — the  addition  of  evcij 
degree  of  heat  inoreaaing  its  bulk  one  cubic  inch.  In  a  like  manner,  by  thi 
withdrawal  of  beat,  490  cubic  inches  of  air  would  occupy  an  inch  less  spao* 
at  31°  than  at  32" ;  two  inches  less  at  30°,  ami  so  on. 

By  moans  of  this  law  we  can  easily  calculate  the  amount  of  space  which  a 

QOTSTioss-i-At  whnt  tcmperitnre  does  walnr  pobbcbb  the  graiteal  dentJly  V  Wtit 
bencfldal  reanltn  abtend  llic  cKpwi^on  of  water  in  freezing?    Do  any  other  Itqaids  cs- 

nerdi>B&8eH  expand  f    What  lav  r^orcms  the  expansion  of  gaBesf     How  caavoi;.uculaL« 
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given  Tolurae  of  gaa  will  occupy,  when  heated  up  to  any  particular  tempera^ 
ture;  or  the  contraction  which  will  take  place  in  its  yolnioo  tlirougti  a  reduc- 
tion of  temperature.  A  given  volumo  of  air  possessing  tho  temperature  of 
fteeiii^  water,  wUl  occupy  double  the  space  when  lieated  490  degreesi  and 
three  times  tho  space  wlicn  heated  980  degrees. 

118.  Tlitory  o(  Heat  Measurement.— As  tlie  magnilmlo 
of  every  body  changes  with  the  heat  to  which  it  is  exposed, 
and  as  the  same  body,  when  euhjccted  to  calorific  influ- 
ences under  the  same  circumstances  has  always  the  same 
magnitude,  the  expansions  and  contractions  which  are  the 
constant  effects  of  heat,  may  be  taken  as  the  measure  of 
the  cause  which  produced  them. 

The  instruments  for  measuring  heat  are  Thermometers 
and  Pyrometers.  The  former  are  used  for  measuring 
moderate  temperatures :  the  latter  for  determining  the 
more  elevated  degrees  of  heat. 

Liquids  are  better  adapted  than  either  solids  or  gases  for  mcnsyring  the 
effects  of  heat  by  expansion  and  contraction ;  ance  in  soUda  tlie  direct  ex- 
pan^on  by  iieat  is  so  small  as  to  bo  seen  and  recognized  with  diffioolty,  and 
in  air  or  gaaea  it  ia  too  ext^maive,  and  too  liable  to  bo  affected  by  variations 
in  tbe  atmospheric  pressure.  From  both  of  tliesc  disadvantages  liquids  are 
free. 

The  liquid  generally  used  in  the  construction  of  thermometers  is  mercury, 
or  quicksilver. 

Mercuiy  possesses  greater  advantages  for  this  purpose  than  any  other 
liquid.  It  is,  in  tbe  first  place,  eminently  distinguished  for  its  fluidity  at  all 
ordinaiy  temperatures;  it  is,  in  addition,  the  only  body  in  a  liquid  state  whose 
variations  in  volume,  or  magnitude,  tlirough  a  conadcrable  range  of  tempe- 
rature are  exactly  uniibrm  and  proportional  with  every  increase  and  diminu- 
tion of  lieat  Mereuiy,  moreover,  boils  at  a  higher  temperature  than  any 
other  liquid,  except  certain  oils ;  and,  on  the  other  hand,  it  freezes  at  a  lower 
temperature  than  all  other  liquids,  except  some  of  tlie  moat  volatile,  such  as 
ether  and  alcohol  Thus  a  mcreunal  thermometer  will  hti  e  a  wider  range 
Ihan  any  other  liquid  thermometer  It  m  also  attended  with  this  convenience, 
that  tho  extent  of  temperature  mclnded  betn  een  meltmg  ice  and  boiling 
water  stands  at  a  considcnble  distance  from  the  hjnits  of  its  range,  or  ita 
Jreezing  and  boiling-  pomt= 

119.  The  Mercurial  Thfrmometer  (see  Fig 


'    Why  aro  ILquidii  best  Adaftud  for  IndlcnLing  b^expaDslD 
iary  for  tUa  parpofle  1    Deociibfi  the  mercurial  therqwinfiter 
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essentially  of  a  gkss  tuLe  with  a  bulb  at  one 
end,  partially  filled  with  mercury.  The  me 
cury,  introduced  through  an  opening  in  th 
end  of  the  tuho,  is  afterward  boiled,  so  a  to 
expel  all  air  and  moisture,  and  fill  the  tube  n  th 
its  own  vapor.  The  open  end  of  the  ti  e  a 
then  closed,  by  fusino;  the  glaiii,  and  a  1  e 
mercury  cools  it  contractb,  and  collects  in  tl  e 
bulb  and  lower  part  of  tho  tube,  leavi  ^  a 
vacuum  above,  through  whith  it  may  again  e 
pand  and  rise  on  the  apphcition  of  litat  In 
this  condition  the  thermometer  19  complete 
with  the  exception  of  graduation 

120.  GraduiLtian  of  T1iermoiaotcr!i— V. 
moraelera  aro  conEtractoi  of  diJercnt  dioif  di  ona  and  ap, 
tiea,  it  is  necessary  to  have  Bome  lised  rulca  ibr  gfad  g 
them,  in  ordor  that  fhpy  may  alnaya  indiuite  the  lam  torn 
pcraturo  under  the  same  Pircumstantes  aa  tiie  freezing  t, 
for  exaipplo.  To  accomplish.  Una  tnd  the  following  plan  has 
been  adopted: — Tiio  tliermomotcra  oro  flrst  i  nmcn>ed  n 
melting  SQow  or  ioe.    Tlio  merciiij  wJl  ba  observed  p 

in  each  tlicnnomctcr-tulje  at  a  certain  hujlit,  tlioBO  1    g! 
are  then  marked  upon  tlio  tubes,    iiow  it  has  betn  abcert  ui  d 
that  at  ■vrhatevcr  time  and  pi  ioo  t  lo  in=trumoQt3  may 
torward  ioimorsod  in  molting  snow  or  ice   the  mcrcnrj 
tajncd  in  ibom  wUl  always  lii.  itself  at  tho  p  i  at  thus  mark 
Tills  point  is  called  tlie  freezing  point  of  «  atcr 

Another  fixed  point  is  determined  by  immersing  the  nst 
mcnfa  in  boiling  water.     It  has  been  found  fliat  at  wh 
time  or  place  the  instruments  are  immersed  in  pura  w 
when  boiling,  provided  the  barometer  stands  at  tho  heigh 
thirty  inches,  tho  mercury  will  alwaya  rise  in  each  to  a      tai         j;        This, 
iherelbre,  forma  another  fixed  point  on  tho  sealo,  and         al   d    h    bo  m 

So  far  as  the  determination  of  the  boiling  and  freezing 
points  of  water  are  concerned,  all  tho  varieties  of  the  mer- 
curial thermometer  are  constructed  alike.  Tho  interval, 
however,  between  these  two  fixed  points  is  differently  di- 
vided in  different  instruments. 
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121.  Fahrenheit's  Thermometer.— In  the  t'nermoireter 
most  generally  used  in  the  United  States  and  England, 
and  which  is  known  as  Falirenheit's,  the  interval  on  the 
sciilo  between  the  freezing  and  boiiiog  points,  is  divided 
into  180  equal  pirts.  Tliis  division  is  similarly  continued 
below  t.lie  freezing  point  to  the  place  0,  called  zero,  and 
each  division  upward  IVom  tlmt  is  marked  with  the  suc- 
cessive numhers  1,  2,  3,  etc.  The  freezing  point  will  now 
he  the  32,1  division,  and  the  hoiliug  point  will  he  the 
212th  division.  These  divisions  are  called  degrees,  and 
the  boiling  point  will  therefore  be  212°,  and  the  freezing 
temperature,  32°. 

Thennomelera  of  lliia  character  are  called  Fahrenheii'a,  from  a  Cutch  pM- 
loaophical  iustrumentmaker  who  first  introduced  tliia  method  of  graduation 
in  the  year  1724. 

"  The  zero  of  a  thennometric  scale  has  no  relation  to  tho  real  zero  of  heat, 
or  Che  point  at  which  bodies  are  entirely  deprived  of  beat.  Of  this  point  vte 
know  nothing,  and  there  is  no  reason  lo  suppose  we  have  ever  approached  it. 
Tlie  scale  of  temperature  may  be  compared  to  a  chain,  extended  both  upward 
and  downward  beyond  our  sight.  We  fix  upon  a  particular  link,  and  count 
upward  and  d  >wnward  from  that  link,  and  not  from  tho  beginning  of  the 
cliain." — GRA[^i^f. 

In  indicating  therraomctrical  degrees,  the  wgn  —  ie  used  to  designate  those 

below  tlie  zero  point,  in  order  to  distingois]!  them  from  degrees  of  the  same 

Fig.  31.  name  above  the  zero  point     Thus,  32°  nieaiia 

the  32d  d^ree  above   zero ;    and  ^33°   the 

32d  below  Kero. 

122.  Rcanmur  and  CenligrQile 
Thermometers.— In  addition  toFah- 
renheit's  thermometer,  two  others 
are  extensively  used,  which  are 
known  as  Keaumur's,  and  the  Cen- 
tigrade thermometer,  or  thermome- 
ter of  Gels  ins. 

The  only  difTerenee  between  theae  three  kinds 
of  thermometers  is  tho  difference  in  graduating 
tlio  interval  between  the  freezing  and  boiling 
points  of  water.     Reaumur's  is  divided  into  eighty  degree?,  the  Centigrade 


*  ^  i»  • 
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Into  one  hundred,  and  Fahrenheit's  into  one  hundred  and  eighty.  According 
to  Eeaauiar,  water  freezes  at  0^,  and  boila  at  80° ;  according  to  Centigrade, 
it  freexea  at  0°,  and  boils  at  J  00° ;  and  according  to  Fahrenheit,  it  froeaes  at 
32°,  and  lioils  at  212° ;  tlio  last,  very  aiugularlj,  commences  counting,  not 
at  the  freezing  point,  but  32°  below  it.* 

The  difference  between  these  instrumenta  can  be  casilj  seen  by  reference 
to  Fig.  31. 

In  Eoglaiid,  Holland,  and  the  United  States,  the  thennomotGr  moat  gener- 
ally uaed  is  Fahrenheit's.  Eeaumur's  scale  is  used  in  Germany,  and  the  Cen- 
t^^e  in  Prance,  Sweden,  and  some  other  parts  of  Kurope.  The  scale  of 
the  Centigrade  is  by  &r  the  simplest  and  most  rational  method  of  graduation, 
and  at  present  it  is  almost  nniverailly  adopted  for  scientifio  purposes. 

The  scale  employed  in  tlie  present  work  is  that  of  Fahrenheit's. 

Tliotliermomctpr  was  inventedabout  the  year  1600|  but,  hke  many  other 
Inventions,  the  merit  of  its  discovery  is  not  to  be  ascribed  to  one  person,  but 
to  bo  distributed  among  many. 

The  variety  of  circumstances  under  which  tbennoraelers  are  used,  liave 
ocoaaoned  a  considerable  Tariety  in  their  form.  The  following  are  some  of 
the  most  important  of  tliese  modifications. 

128.  Tlie  Sel[-Regislerjng  Tfiermometer  is  a  form  of 
thormotnetcr  contrived  for  the  purpose  of  nscertaiains;  the 
extremes  of  vaiiation  which  may  occur  during  a  particular 
interval  of  time,  as  in  the  night. 

Fig.  33. 


sists  of  two  horizontal  thermometers  attached  to  one  IVame,  as  is  rep- 
in  Fig.  32,  the  one,  A,  containing  mercury,  and  the  other,  B,  spirits 
On  the  surEjce  of  the  murcurial  column  in  the  tube  is  placed  a 


by  remembering  that?"  of  Fahrenheit  ere  equivelent  lo  6°  of  CenUgrede,  or 
nnr.  In  dtnrerUng  Fabrenh^t  hi  Reaamur,  or  Gentlgriule,  If  Cbe  degree  be 
■cezing  point,  S3=  mn^t  be  BrsC  Knbtmcted,  in  order  tn  rednce  tbe  decreed  of 
:alei  lo  tboBC  of  Falirebbdt ;  but  In  the  eonvcraion  of  Rcanmur  or  Centl^ade 

B.~W)<en  vna  the  niermomoter  invented  t    What  is  a  self-regtitering  ther- 
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piece  of  steel-wire,  and  on  the  Buriiico  of  the  spirits  of  wine,  a  piece  of  black 
enamel,  or  ivory.  Aa  tho  npirits  cMntraet  by  exposure  to  cold,  tho  enamel 
fbllows  it  toward  tite  bulb  ;  but  when  it  expands,  the  enamel  remains  sta- 
Honary,  and  suSfera  the  liquid  to  pass  by  it.  When  the  mercuiy  cootracts, 
the  steel-wire  does  not  follow ;  but  when  the  mcreury  cipands,  it  is  tbreed 
along.  ConaoqoenlJy,  it  remains  at  tlie  highest  temperature.  The  posi^on, 
therefore,  of  the  two  indices  will  mdicato  the  'owest  and  highest  tempera- 
tures during  any  given  (ime.  A  simpler  Ibrm  of  thermometer  lor  indieatinp 
maximum  temperature,  has  been  conatrocled  by  Messrs.  Negrelti  and  Zaia- 
bra,  of  London,  and  is  known  by  tiiejr  names.  It  is  merely  an  ordinary  ther' 
momeler,  placed  horizontally,  witli  a  contraction  in  Iho  tube  just  above  th^ 
bulb.  When  the  mercury  expands  through  beat,  tlie  expansive  force  pushes 
the  column  past  the  contraction  without  difficulty ;  but  when  the  l«mperaturo 
falls,  and  the  expansive  force  ceases  to  act,  the  contraction,  in  the  tube  pre- 
vents the  column  from  receding.  The  position  of  tho  mercury  above  tho 
contraction  indicates,  therefore,  the  highest  temperature  attained  since  tho 
last  observation.  The  mercurial  column  is  restored  to  its  (rue  plai«,  by  a 
sUght  percussion  of  tlie  instrument 

124.  The  Differenlial  Thermometer  is  a  form  cf  ther- 
mometer so  named  "because  it  denotes  only  diTfereDCCs  oi 
temperature  between  two  substances,  or. two  contiguous 
portions  of  the  same  atmosphere. 

Fio  33  ^'  consists  of  two  glass  bulbs  on  one  tube,  bent  twice  at 

right  angles,  and  supported  sa  represented  in  Fig.  33.  The 
^  bulbs  contain  air,  but  the  tube  is  nearly  filled  with  sulphuric 
Dcid  colored  red.  To  one  leg  of  the  tube  is  applied  a  sc^e. 
When  the  bnlbs  of  tliis  instrument  are  heated  or  cooled  alike, 
no  change  will  toko  place  in  the  columns  of  liquid,  because 
tho  air  in  hotli  bulbs  will  undei^  an  equal  expansion  or  con- 
traction ;  but  tlio  instant  any  inequality  of  temperature  exists 
between  them,  as  from  bringing  a  healed  substance  near  1o 
one  of  them,  tho  liquid  in  the  t^o  legs  will  rise  and  fall  rapidly. 

125.  Mctallie  Thermomcler.— Averydelicato 

thermometer,  known  as  the  metallic,  or  Erc- 
guet's  thermometer,  is  constructed  on  the  principle  of  the 
unequal  expansion  of  two  metals. 

It  consists  (see  Fig.  34)  of  two  equal  strips  of  platinum  and  silver,  firmly 
soldered  tj^eUier  and  coiled  in  the  form  of  a  spiral.  One  end  of  the  spiral 
is  suspended  from  a  fixed  point,  while  the  lower  end  is  free  and  carries  an 
index.    Tariations  of  temperaturo  cause  Hie  two  metals  to  expand  and  con- 
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tract  unequally,  anii  tlie  spiral  to  twist 

in   opposite   direelJoaa.      Tiioso   nio- 

tiou3  imparted  to  the  iadex,  causu  it 

to  move  over  a  graduated  circle,  on 

which  degrees  are  indicated.    So  ecu 

BitivQ  is  this  inatniment,   that  when 

indoaed  ia  a  large  receiver,  which  was 

rapidly  exhausted  by  an  air  pump,  it 

indicated  a  redaction  of  temperature 

fram  6';°  U>  2BO— 41=,  while  a  mcr 

ciirial  thermometer  ftll  only  ta  36°. 
Tor  chemical   purposes^    thermom 

clera  are    eomotimea   constructed  in 

Bach  a  way,  that  the  lower  part  of  iho 

scale  tunis  up  by  a  hingo,  in  order  to 

sillow  tlia  bulb  to  Ije  immersed  in  cor 

rosive  liquids.    (See  Fig.  35.) 

]2G.  Air    Thermometers,— 

The  first  tliormometer  uaed  consisted  of  a  ooliin 

FiO.  as.tnljo  over  colored  waJer.  Heat  ex- 
panda  the  air  and  increases  the  length 
of  the  column  downward,  pushing  tlio 
water  bctbre  It ;  cold  produces  a  con- 
trary effect  The  temperature  is  thus 
indicated  by  the  height  at  which  the 
water  is  elevated  in  the  tubo.  Fig.  36 
represents  the  prin»aplo  of  the  c 
etruction  of  the  air  thermomot^^t. 

Fig.  37  represonla  an  air  thermom- 
eter fillod  up  with  a  acalE^  and  termed 

the  thermometer  of  Sanctorius,  from  its  inventor.  Fi 

127.  Spirit  ThermometerH . — As  the  temperature 

ia  lowered,  the  mercury  in  Fahrenheit's  thermomeler  gradually  sinks, 

until  it  reaches  a  point  39°  l>clow  zero,  where  it  freezes.     Mercury, 

tiioretbre,  can  not  bo  made  available  for  measuring  cold  of  a  greater 

mtensity.    Thia  difficulty  is,  however,  obviated  by  using  a  Hiermom- 

ctor  filled  witli  alcohol  colored  red,  as  thia  fluid,  wlien  pure,  never 

freeze^  but  wiU.  continue  to  ank  lower  and  lower  in  llie  tube  aa  tlio 

cold  increases.     Such  a  thermometer  is  called  a  spirit  thermometer. 
128.  Py  rometern. — If  a  Fahrenheit's  thermometer  be  heated, 

the  mercnry  contained  in  it  will  rise  in  the  tube  untB  It  reaches  660", 

Ht  which  temperature  it  be^na  to  boil      A  slight  additional  heat    ' 

forms  vapor  sufficient  to  bar3t  the  tjbo.     Mercury,  therefore,  can  not  bo  used 

~  IMtylT,- 


t  of  great  inlen^tym 


'    Deacrltw  Ibe  principle  u 
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to  measure  decrees  of  heat  of  greater  intenaity  than  660"  F.  Temparalarca 
greater  llian  tbis  are  determined  by  means  of  the  expansion  of  sghdB  ;  and 
,3  founded  upon  this  principle  ai 


The  prinoipleof  the  construction  of  the  pyrometer  ia  shown  in  Fig.  33. 
A  reprcaenta  a  metallic  tor,  fixed  at  one  end,  B,  but  left  free  at  the  otiier, 
and  in  contact  with  the  ond  of  a  pointer,  K,  moving  freely  OTer  a  gradnaled 
scale.  If  the  bar  be  heated  by  the  flame  of  alcohol,  the  metal  expauda,  and 
pressing  upon  the  end  of  the  pointer,  moves  it,  in  a  greater  or  less  degree. 
Id  thia  manner,  the  effect  of  heat,  apphed  for  a  given  length  of  time,  to  bars 
of  different  metals,  liavingtho  same  length  and  diameter,  may  bo  determined. 

Hie  pyrometer  nf  practical  use  ia  Iraown  aa  Daniel'a,  and  eonsista  of  a 
platinum  bar  inclosed  in  a  tube  of  black-lead,  closed  at  the  bottom.  The 
whole  is  then  placed  in  the  fire,  or  in  a  mass  of  melted  metal,  whose  tem- 
perature it  is  deairablo  to  ascertain.  The  platinum  expands  much  more  than 
the  case  which  mclosea  it^  and  projecting  upward,  moves  a  lever,  which  drives 
forward  an  index  over  a  graduated  arc 

A  thermometer  does  not  inform  u?  how  much  heat  any  substance  contains, 
but  it  merely  points  out  the  dilFerence  in  the  temperature  of  two  or  more 
BUbstancea.  All  we  learn  by  the  thermometer  is  whether  the  temperature 
of  one  body  is  greater  or  leas  than  that  of  another ;  and  if  tiiore  ia  a  differ- 
ence, it  is  expressed  numeticafly — namely,  by  the  degrees  of  the  thermom- 
eter. It  must  be  remembered  that  these  degrees  are  part  of  an  arbitrary 
scale,  selected  for  convenience,  without  any  reforenco  wliatever  to  the  actual 
quantity  of  heat  present  in  bodies. 

129.  Fluidity  its  an  Effect  of  Heat.— The  first  efi'ect 
produced  by  heatMipoti  solids  is  expansion,  If  the  hent 
%e  augmenled,  they  change  their  aggregate  state,  and 
melt,  or  become  liquid.  Many  solids  become  soft  before 
melting,  bo  tliat  they  may  bo  bneadcd  ;  for  instance,  wax. 
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glass,  and  ivon.     In  tliiu  poaition,  glass  can  be  bent  aad 
molded  with  facility,  and  iron  can  bo  forged  or  welded. 

130.  Liquefaction. — By  HcLuefaction  we  understand  the 
conversion  of  a  solid  into  a  lic[iiid  by  the  agency  of  heat, 
as  solid  ice  is  converted  into  waler  by  the  heat  of  the  sun. 

The  temperature  at  which  liquefaction  takes  place  is  called 
the  melting  point,  or  point  of  fusion  ;  and  that  at  which, 
liquids  solidify,  the  freezing  point,  or  point  of  congelation. 

The  melting  point  of  a  given  solid  is  always  fixed  and 
constant,  but  the  degree  of  heat  at  which  difterent  solids 
melt  varies  exceedingly. 

Thus,  plalinum  ia  not  melted  at  32B0°  ;  iron  melts  at  alioiit  2800°  ;  lead 
at  613°;  wax,  142°;  tallow,  92°;  olive  oil,  36";  ice,  32°;  milk,  30°;  oil 
of  turpentine,  14°;  mereury,  —  39°;  liquid  ammonia,  —  4B°  ;  wlnle  plire 
alcohol,  Laving  never  heen  eolidifled,  poaaeBses  no  known  melting  point. 

131.  Vaporization. — By  vaporization  is  meant  the  con- 
version of  liquid  and  solid  substances  into  vapor,  through 
the  t^eucy  of  heat.  Thus  water,  if  heated  sufficiently, 
v?ili  bo  converted  into  steam.  It  is  generally  supposed 
that  all  solid  and  liquid  substances,  under  the  influence  of 
a  sufficient  degree  of  heat,  are  susceptible  of  this  change. 

A  gas  differs  from  a  vapor  in  the  circumstance  that  it 
is  not  so  easily  condensed  into  a  liquid,  but  permanently 
retains  its  state  under  all  ordinary  conditions  of  tempera- 
ture and  pressure, 

132.  Condensation. — If  a  body  in  a  state  of  vapor  lose 
heat  in  sufficient  quantity,  it  will  pass  into  a  liquid  or 
solid  state.  Thus,  if  a  certain  quantity  of  heat  be  ab- 
stracted from  steam,  it  will  become  water.  This  change 
is  called  Condensatios, 

Tlie  change  from  a  Btato  of  vapor  to  a  liquid  is  termed  condenaation,  be- 
cause, in  so  doing,  tiie  hody  always  undergoea  a  very  considerable  diminutioa 
of  volume,  and  therefore  hecomes  condensed. 

133.  Volatile  and  Fixed  Bodies^ — Subslancca  acKumtiagtotbe 
Eioility  with  wliicli  they  yield  vapor,  aro  said  to  l>e  volatile,  or  flxoii  and  non- 

bodioB*    Whal  Is  vaporization  [    How  does  »  gsi  aiffer  from  »  vnpor  f    WhsUsmaint 
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volatile.  A  volalile  eulistanee  is  one  which  yields  rapor  reatiily  by  the  ap- 
plication of  heat,  and  wasWe  away  on  ^mple  exposure  to  the  atmosphere. 
Tlioae  aubBtiin>«a,  on  the  contrary,  are  said  to  be  fixed  and  non-volatile, 
which  have  httle  or  no  tendency  to  assume  the  condition  of  vapor.  Thua, 
iron  ia  a  fited  pubatance,  because  it  does  not  Buffer  a  sensible  degree  of 
waste  wiien  exposed  to  iutense  heat*  Oils  which  do  not  evaporate  on  aiuiplo 
exposure  to  the  atmosphere  are  also  termed  fixed,  to  distii^uish  tbom  iroiu 
those  which  yield  vapor  undor  the  same  eircumstancos. 

The  melting  of  a  aoUd,  or  ite  converaon  into  a  liquid,  only  o^ctits  when  tho 
solid  is  heated  up  to  a  certain  fixed  point  i  but  Ibe  couveraiun  of  a  Uyuid 
into  a  vapor  tabea  place  at  all  temperatures. 

Thus,  the  vapor  of  water  is  wntinually  passing  off  fVom  the  surface  of  the 
Eoi],  from  the  ocean,  and  from  all  animal  and  vegetable  productions.  The 
production  of  vapor  also  takes  place  to  a  very  considerable  extent  from  tho 
Burfece  of  snow  and  ice,  even  when  tlie  temperature  of  tho  air  is  fer  below 
the  freezit^  point. 


ho  waste  of  enow  and  ice  which  may  be  ob- 
Borvod  during  the  continuance  of  severe  cold. 

134.  Tapors  Invisible. — The  vapor  of  water,   and  all 

otlier  vapors,  are  invisible  and  transparent.  The  water 
which  has  becomo  difFiiaed  through  the  air  by  evai>oration 
only  becomes  visible  when,  on  returning  to  its  fluid  con- 
dition, it  forms  raist,  cloud,  dew,  rain,  etc. 

steam,  which  is  the  vapor  of  boilii^  water,  is  invisible^  but  when  it  comes 
in  contact  with  air,  which  is  cooler,  it  bacomes  cuadensed  into  small  drops, 
and  is  thus  rendered  visible. 

The  proof  of  this  may  bo  found  in  examining  the  steam  aa  It  issues  from 
an  oritice,  or  the  spout  of  a  boiling  kettle :  for  .i  ehort  space  next  to  the  open- 
ing no  steam  can  be  seen,  since  the  air  is  not  able  la  condense  it ;  but  as  it 
spreads  and  comes  in  contact  with  a  larger  volume  of  (ur,  the  invisible  vapot 
becomes  condensed  into  drops,  and  is  thus  rendered  visible. 

The  vidble  matter  popularly  called  steam,  should  be,  theretbro,  distin- 
guished from  steam  proper,  or  the  aeriform  state  of  water.  The  cloud,  or 
Bmoke-Ulte  matter  observed,  is  really  not  au  air  or  vapor  at  all,  but  a  collec- 
tion of  minute  bubbles  of  water,  wafled  by  a  current  cither  of  true  steam,  or, 
more  frequently,  of  mere  moist  air. 

The  surfece  of  any  watery  liquid,  whose  temperature  is  about  20°  warmer 
than  any  superincumbent  air,  rapidly  j^vea  off  true  steam.  It  is  not  neces- 
sary,  therefore,  for  the  production  of  steam,  that  water  sliould  be  raised  to 
the  l>oiling  temperature. 

135.  Comparative  ToIdiiib  of  Vapors.— LicLuids  in  pass- 

QDranoNB.— DoraporaformataTlteinperaliireif  Arevapots really vWblf?  IneWarn 
Invisible?    What  is  tlieproof  of  itf    At  what  lempermtara  Is  steam  prodoced  f    Wlatia 


HnjtcdbyGoOglc 


THE     EFFECTS     OF     HEAT,  91 

ing  into  vapors  occupy  a  mach  greater  spae3  than  the  sub- 
Btancea  from  which  they  are  produced.  Water,  in  passing 
froKi  its  point  of  greatest  density  into  steam,  expands  to 
nearly  1700  times  its  volume-. 

136,  Density  of  Vapors.— Vapors  are  of  all  decrees  of 
density.  The  vapor  of  water  may  be  as  thin  as  air,  or  al- 
most as  dense  as  water. 

The  subject  of  vaporization,  may  be  considered  under  two  heads,  via,, 
evaporation  and  ebuliilion. 

137,  Evapomtion.— When  vaporization  takes  place  only 
from  the  surface  of  a  body,  either  because  the  heat  has 
access  to  that  part,  or  because  the  evolution  of  vapor 
takes  place  through  the  medium  of  a  gas  or  air  present, 
the  action  can  only  be  recognized  by  the  diminution  of  the 
bulk  of  the  body  ;  this  phenomenon  is  termed  Evapora- 
tion. 

138,  Ebullition.— When  a  liquid  is  heated  sufSciently 
to  form  steam,  the  production  of  vapor  takes  place  prin- 
cijially  at  that  part  where  the  heat  enters  ;  and  when  the 
heating  takes  place  not  from  above,  but  from  the  bottom 
and  sides,  the  steam  as  it  is  produced  rises  in  bubbles 
through  the  liquid,  and  produces  the  phenomenon  of  boil- 
ing, or  ebullition. 

Boiling,  therefore,  may  be  defined  to  bo  the  mechanical  agitation  of  a  fluid 
by  ila  own  vapor. 

139,  Boiliiu;  Point.— -The  temperature  at  which  vapor 
rises  with  sufficient  freedom  to  cause  the  phenomenon  of 
ebnllition,  is  called  the  boiling  point. 

140,  Conditions  of  Evaporation.  — Evaporation  takes 
place  from  the  surfaces  of  bodies  only,  and  is  influenced 
in  a  great  degree  by  the  temperature,  dryness,  stillness, 
and  density  of  the  atmosphere,* 
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When  water  is  covered  by  a  atatura  of  dry  air,  the  eraporation  is  rapid, 
even  when  ita  tempBrature  ifl  low ;  whereas  it  goea  on  very  slowly  if  the  al> 
mosphere  containa  much  vapor,  even,  though  the  air  be  very  warm. 

Evaporation  ia  tar  alower  in  still  air  than  in  a  current.  The  air  imme- 
diately in  contact  willi  the  water  aoon  becomea  moist,  and  thus  a  cheek  is 
put  to  evaporation.  But  if  the  air  be  removed  by  wind  from  the  surface  of 
the  water  as  soon  as  it  has  become  ehai^d  with  vapor,  and  ita  place  sup- 
plied with  fresh  air,  then  the  evaporation  continuea  on  without  interruption. 

Au'  without  vapor  (theorelieally  known  as  dry  air)  does  not  esist  in  na- 
ture, and  can  not  probably  be  produced  by  art. 

141.  Capacity  for  Alisorption.— Air  absorbs  moisture  at 
all  temperatures,  and  retains  it  in  an  invisible  state.  This 
power  of  the  air  is  termed  its  capacity  for  abaorptioi;. 

The  capacity  of  air  for  moisture  increases  with  the  tem- 
perature. 
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A  Tolume  of  ajr  at  32"  tan  absorb  an  amount  of  moisture  equal  to  the  hun- 
dred and  sixlietJi  part  of  its  own  weight,  and  far  every  27  additional  degrees 
oflieat,  tliequaBtityofwater  it  can  absorb  at  32°  is  doubled.  Thus  a  body 
ofairat  32°  P.  absorbs  the  160th  part  of  its  owa  weight ;  at  59°  F.,  the  80th; 
at  86°  F.,  the  40th  \  at  113=  P.,  the  20th  part  of  its  owQ  weight  in  moisture. 
It  follows  from  Ihis  that  while  tho  temperature  of  tlio  air  advances  in  an 
iirithmetioal  series,  its  capacity  for  moisturo  is  aecelerated  in  a  geometrical 

Air  is  said  to  be  saturated  with  moisture  when  it  con- 
tains as  mucli  of  the  vapor  of  water  as  it  is  capable  of 
holding  wilh  a  given  temperature, 

142.  By-grom'e-ters. — Instruments  designed  for  meas- 
uring the  quantity  of  moisture  contained  in  the  atmos- 
phere, are  called  Htobometebs.* 

Many  oi^aoio  bodies  have  the  property  of  absorbing  vapor,  and  thns  in- 
creasing  tlieir  dimensions.  Among  such  may  bo  mentioned  hair,  wood,  whale- 
bone, ivory,  etc  Any  of  these  connected  with  a  mechanical  arrangement  by 
which  the  choice  in  volume  might  bo  re^tered,  would  furnish  a  hygrome- 
IlT.  Tlie  thin,  transparent  shavings  of  whalebone,  which  by  bending  and 
rolling  up  when  placed  upon  tho  warm  liand,  constitute  the  pm.  33_ 
so-called  sensiljve   figures,  are  illoatrations  of  this  prin- 

If  we  fix  against  a  wall  a  long  piece  of  catgut,  ai 
a  weight  tj>  tlie  end  of  il,  it  will  be  observed,  as 
becomes  moist  or  diy,  to  alter  in  length ;  and  by  marlting  j'i 
a  scale  tlio  two  extremities  of  which  are  determined  by  ob- 1 
servation  when  tlie  ahr  is  very  dry,  and  when  it  is  saturated  5| 
with  moisture,  it  will  be  found  easy  to  measure  the  varia-  J 

113.  Hair   Hygrometer. — An  instrument   called  ;| 
the  "  Hair  Hygrometer,"  is  constructed  upon  this  principle. 
It  consists  of  a  human  hair,  listened  at  one  extremity  to  a 
screw  (see  Fig.  39),  and  at  tho  other  passing  over  a  pulley,  8 
being  strained  tight  by  a  silk  thread  and  weight,  a 
taehed  to  the  pulley.     To  the  axis  of  tlie  pulley  an 
is  attached,  which  passes  over  a  graduated  scale,  so 
tbe  pulley  turns,  through  tho  shortening  or  lengthening  of  | 
the  hair,  the  index  moves.     When  the  instrument  i 
damp  atmosphere,  tlm  h^  absorbs  a  considerable  a 
of  vapor,  and  is  thus  made  longer,  while  in  dry  air 

*  H'iinw'K'f.  from  the  Greek  words  vyfrni  |nioiBt)  a 
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\B  turned  alternately  fronl  01 


Fi<3.  40. 


comes  shorter ;  .so  that  the  mdoE 
to  the  other. 

The  mBtrumeiit  is  graduated  by  flret  placing  it  in  air  artificially  made  as 
dry  as  poadblo,  and  the  point  on  the  scale  at  which  the  index  stops  under 
these  drcumstatiees,  is  tho  point  of  greatest  dryness,  and  is  marked  0.  The 
h3-grometer  ia  then  placed  in  a  confined  space  of  air,  which  is  completely 
saturated  with  vapor,  and  under  these  circumstances  the  index  moves  to  llio 
olher  end  of  Hie  scale:  this  point,  whieli  is  tliat  of  greatest  moisture,  is 
marked  100.  The  ioterrening  apace  is  then  divided  into  100  equal  parts, 
which  iodieate  different  d^rees  of  moisture, 

144.  Da  Die  I '8  Hygrometer  .  —  Another 
form  of  hygrometer,  known  as  "Daniel's  Hygrom- 
eter," detecmlQes  the  moisture  in  the  air  by  indicate 
iiig  the  dew  point,  or  tlie  temperature  at  which 
moisture  is  deposited  from  the  air.  It  cooaists  of  a 
bent  tubo  of  glass,  Ilg.  40,  at  tilt  extremities  of 
which  two  bulbs,  a  and  S,  are  Mown.  The  bulb  6 
IS  made  ol  black  glass  and  contains  a  little  ether, 
into  uhich  dips  the  ball  of  a  small  and  dLhcate 
thermometer,  contained  m  the  cavity  of  the  tulie 
j  Tlio  whole  instrument  contains  only  the  it^or  of 
ether,  the  ou'  hivmg  been  ronwived.  Tlic  bulb  a  is 
covered  over  n  ith  a  piece  of  moslin  Tlie  support 
of  the  tube  suatmas  another  thennomet«r,  hy  which 
we  can  observe  the  tomporaturs  <rf  the  air.  When 
an  observation  is  to  be  made  with  this  instrument, 
a  little  ether  is  poured  on  the  moslin  of  tho  bulb  a ;  this  evaporates  r^idly, 
and  by  so  doing  reduce  the  temperature  of  the  other  bulb,  6.  As  soon  as 
this  has  cooled  suffiiaentlj'  to  condense  the  moisture  of  tho  atmosphere,  dew 
will  be  observed  to  eolleet  upon  it,  and  the  temperature  at  which  tho  dopoa- 
tion  takes  place  is  determined  by  observing  the  thermometer  itieludcd  in  the 
tube.  If  the  air  is  very  moist,  it  is  necessary  to  cool  the  bulb  5  but  very  little 
before  dew  ia  depoat«d  upon  it;  it,  however,  tho  air  is  very  dry,  the  cooling 
must  be  carried  to  a  corresponding  lower  degree.  If  the  air  is  perfectly 
Haturated,  the  s%htest  depression  of  temperature  will  cause  its  moisture  to 
prerapitato.  Knowit^,  therefore,  tlie  temperature  of  the  dew  point,  we  are 
enabled  by  tables  caloukted  for  the  purpose,  to  determine  tho  proporOonal 
mnount  of  moisture  contained  in  the  atmonphere. 

145.  Gondilions  of  EbiiMitlon.— DiffiTcnt  liquids  boil 
at  different  temperatiirea,  but  Ibe  boiling  point  of  the 
eame  liquid  is  always  tlie  same  under  tho  same  circum- 
stances. The  boiling  temperature,  therefore,  constitutes 
a  distinctive  characteristic  of  a  liquid,  and  in  practical 
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chemistry  often  afforda  a  ready  method  of  detecting  a  dif- 
ference in  the  chemical  composition  of  similar  liquids. 

Thus  water,  under  ordinary  circumstances,  begins  to 
boil  when  it  is  heated  *p  to  212°  F. ;  alcohol  at  173° ; 
ether  at  96°  ;  syrup  at  221° ;  linseed  oil  at  640°. 

146.  Salinomeier .— Wnter  coulammg  any  diasolved  matter  boils  at  a 
higher  temperature  than  when  pure — Hie  boilmg  point  on  the  theimometrio 
Beale  tiaing  in  proportion  as  the  amoont  of  matter  dissolved  in  the  walfir  in- 
creases. Advant^  is  taken  of  this  pruitiple  m  the  construction  of  an  instra- 
ment  known  as  tha  "  Salinometer,  wLicli  is  e=peiially  used  by  sal^boi3e^8 
for  iudieating  the  quantity  of  salt  held  in  solution  m  Ihe  water  of  the  boiiers. 
It  simply  coDsista  of  a  dehcate  thermomeltr  arranjted  in  conneelion  with  the 
interior  of  tlie  boiler,  and  by  means  of  a  properly  grai^uated  scale,  Uie 
percentage  of  salt  held  in  the  water  is  mdiuitcd  hj  the  boilii^  point  of  the 

U7.  Influence  of  Atmospheric  Pressure  on  Boiling.— 

liquids,  in  general,  being  boiled  in  open  vessels,  are  siibjecteii  to  the  pressure 
of  the  atmosphere.  The  tendency  of  this  pressure  is  to  prevent  and  retard 
the  particles  of  water  from  expanding  to  a  sufficient  extent  to  form  steam. 
Henee,  if  the  pressure  of  the  atmosphere  varies,  as  it  does  at  different  times 
and  places,  or  if  it  be  mcreaaed  or  diminished  by  artificial  nioansv  the  boiling 
point  of  a  liquid  wiil  undeig^>  a  corresponding  change. 

The  pressure  of  the  atmosphere  at  Hie  level  of  the  sea  is  about  fifteen 
pounds  upon  each  square  inch  of  surface.  It  varies  occasionally  at  the  some 
place  sufficiently  to  affect  the  boiling  point  to  the  extent  of  ij  degrees. 

lis.  Measurement  of  Altitudes  — As  we  Hsccnd  into  the  at- 
mosphere the  pressure  is  diminisbeii,  because  there  is  less  of  it  above  na ; 
it  tberefbre  follows,  tliat  water  at  different  heights  in  the  atmosphere  will  boil 
at  different  temperatures,  and  it  has  been  found  by  observation,  that  an  ele- 
vation of  SaO  feet  above  the  level  of  the  sea  causes  a  difierence  of  one  de- 
gree in  its  boiling  point.  Hence  the  boilii^  point  of  water  becomes  an  in- 
dication of  the  height  of  any  station  above  the  sea-level,  or  in  other  words, 
an  indication  of  the  atmospheric  pressure  ;  and  thus  by  means  of  a  kettle  of 
bcahng  wal«r  and  a  thermometer,  the  height  of  the  summit  of  any  mountain 
may  be  ascertained  with  a  great  degree  of  accuracy.  If  the  water  boils  at 
211°by  the  thermometer,  the  height  of  the  place  is  650  feet;  if  at  210°,  tha 
height  is  1100  feet,  and  so  on,  it  being  only  necessary  to  multiply  550  by  the 
number  of  degrees  on  the  thermometer  between  the  actual  boiling  point  anil 
212",  to  ascertain  the  elevation.  In  the  city  of  Quito,  in  South  America, 
water  boils  at  194°  Fahr.;  its  height  above  the  sea^level,  is,  therefore,  9,900 

As  we  descerd  into  mines,  the  pressure  of  the  atmoepbore  is  increased,  there 
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boing  more  of  it  above  ugtlian  at  the  sur'aco  of  tho  eartli.  Water,  thcrelbra 
mmt  bj  h<.'aied  to  a  highor  temperature  before  it  will  boil,  and  it  Las  been 
found  tliat  a  descent  of  550  feet,  aa  before,  makes  a  dilTeronce  of  one  d^ree. 
Boiling  water  ia,  consequeDtly,  not  equally  hot  at  all  places  upon  the  earth, 
and,  therefore,  not  every  wliere  alike  applifable  for  domestic  purposes.  Thus 
at  Quito  and  at  the  hospital  of  Bt  Bernard,  in  Su'ltzerland,  great  difGculIy 
is  experionood  in  cooking  e^s  by  boiling. 

In  a  lika  manner  if  by  artificial  means  we  incrcaaaor  diniiniah  tho  pressuro 
of  the  atmoaphoro  on  Uie  Hurface  cf  a  liquid,  wo  change  its  boilioy  point. 
If  water  be  lieated  in  a  vaonum,  ebuUi'Jon  will  commence  at  a  point  140° 
lower  thanjin  tiie  open  air  If  a  yosscI  of  ether  be  placed  under  the  reoeiror 
of  an  air-pump,  and  the  atmospheric  pressuro  removed  from  its  surfece,  the 
vapor  rises  so  abundantly  that  ebullition  is  produced  without  any  inoriiaae  of 
lemperature. 
149.  PulscGlasa . — This  principle  is  illustrated  by  a  simple  inatrnment 
p.f,   ,,  called  the  pulse-glaa-i.   Fig.  41,   which 

sts  of  a  glass  tube,  c,  with  bulbs,  a 
i,  blown  upon  each  exlrenuty ;  tho 
'  Whclu  ia  then  filled  with  spirits  of  wine 
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-Thf  fkct  'hat  water  boila  at  a  reduced 
re,  is  illustrated  by  an  experiment  known 
culinary  paradox.     A  glass  flask,  containing  boiling  water  is  closed 
Fig  42         tightly  with  a  cork,  and  then  inverted,  as  in  F^.  42.     Tiio 
boiling  will  instantly  cease,  owing  to  tho  pressure  of  tlie 
steam  whioli  is  formed,  upon  the  Borfeco  of  tho  liquid.    If 
wo  now  pour  cold  water  upon  the  outside  of  the  flask,  tho 
steam  within  is  condensed,  and  a  partjal  vacuum  produced, 
which  causes  tho  boiling  to  recommence  with  great  enci^-y. 
On  tho  other  hand,  by  pouring  hot  water  upon  the  outwdo 
of  the  flask,  the  steam  and  consequent  pressure  within  is  re- 
newed, and  the  boiling  ceases. 

A  proof  also  that  steam  in  escaping  from  boiling  water  is 
obliged  to  overcome  the  pressure  of  the  atmospliere,  is  ob- 
tained by  repeating  tho  last  experiment  with  a  tin  canister 
Instead  of  a  globular  glass  flask.  On  corking  up  t!io  canister  and  pouriag 
cold  water  over  it,  tho  steam  within  is  suddenly  condensed,  a  vacuum  is  pro- 
duced, and  tlie  canister  is  instantly  crushed  in  by  the  pressure  of  the  enter- 
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161.  Sugar  Boiling . — Seyeral beautifiil  applications  in  the  arts  have 
been  madi:  of  tho  principle  tliat  Uqmds  boil  at  a  lower  temperature  when 
Ireed  from  tlie  pressure  of  the  atmosphere  than  in  the  open  air. 

In  the  refining  of  sagnr,  if  tlie  syrup  ia  boiled  in  the  open  air,  the  tempera- 
ture of  thi  boiling  point  is  so  high  that  portions  of  tho  sugar  become  decom- 
posed by  tho  OKcess  of  heat,  and  lost  or  injured ;  the  syrup  is  therefore  boiled 
in  close  vessels  from  whidi  the  sur  has  been  previously  exhausted,  and  in  this 
way  the  water  of  tho  syrup  may  be  evaporated  at  a  temperatoro  eo  low  as  to 
prevent  aJl  iiymj  from  beat. 

153.  Influence  of  Adhesion  on  the  Boiling  Point,— 
Adliesionoftho  fluid  to  the  surface  of  tho  vessel  that  contains  il^  liaa  a  marked 
eft^-ct  in  raiang  the  boiUng  point.  Water  boils  somewhat  more  readily  in  a 
inttaliie  vessel  tlian  in  one  of  glass.  If  tlie  interior  of  a  veasel  be  varnished 
with  shoU-lac,  the  boihr^  will  not  olten  occur  until  a  temperature  of  221=  F. 
13  reached,  and  then  it  wlU  tako  place  in  bursts,  the  temperature  at  each  evo- 
lution of  vapor  Ming  to  212°  F.  Boiling  can  be  made  to  take  place  steadily 
at  212°  in  any  variety  of  vessel,  by  the  introduction  of  a  fow  irregular  sab- 
stances,  as  little  fragments  of  wire,  a  f  jw  pieces  of  charcoal,  ete.  The  reason 
of  this  is  that  in  a  mass  of  boilmg  liquid,  tho  formation  of  vapor  takes  place 
principally  at  tho  edges  of  tlie  solid  substances  vith  which  it  may  be  in  con- 
tact ;  and  the  introduction  and  presence  of  irregular  surlhces  thus  facilitate 
its  formation. 

153.  Influence  Of  Air  on  the  Boiling  P  o  i  n  t  .—Recent 
experiments  have  shown  that  the  presence  of  Mr  in  solution  singularly  a-i- 
sists  the  evolution  of  vapor.  Air  dissolved  in  water  acquires,  through  tlia 
agency  of  heat,  a  great  degree  of  elasticity,  and  minute  bubbles  of  it  aro  in 
consequence  thrown  off  in  the  interior  of  a  boQing  liquid,  especially  where  it 
is  in  contact  with  a  lough  surface ;  into  these  bubbles  the  steam  escapes  and 
rises.  "Water  when  boiled  for  a  long  tune  is  nearly  deprived  of  air;  and  in 
such  cases  the  temperattm)  has  been  observed  to  lise  even  as  high  as  260", 
or  48°  above  the  iKiiling  point,  in  an  open  glass  vessel,  wliioh  was  then  shat^ 
tered  with  a  loud  report  by  a  sudden  exploavo  bur  jt  of  vapor.  In  this  case, 
tlie  Ibrce  of  cohesion  retains  tho  particles  of  liquid  throughout  the  mass  in 
contact  with  each  othar,  in  a  species  of  nnstablo  equilibrium;  and  when  this 
equilibrium  is  overturned  at  any  one  point,  the  repulsive  power  of  the  excess 
of  heat  stored  up  in  the  mass,  suddenly  exerts  itself|  and  tho  explosion  is  the 
result  of  the  instantaneous  conversion  of  the  liquid  into  vapor. 

The  same  result  takes  place  when  ice,  free  from  air,  ia  melted  out  of  con- 
tact with  the  atmosphere,  as  under  oiL  Tho  temperature  of  the  hquid  forme  J. 
gnidaally  rises  to  about  260°  F.,  when,  instead  of  boiling,  it  expkidoa. 

If  a  single  drop  of  water  containing  air,  bo  allowed  to  fall  into  a  mass  of 

QTraBTiOHS,— What  practical  npplioatlon  of  Iheao  pnnrfples  has  bef  n  made  in  the  srtB  ( 
W)ial  liiflucnea  duea  aaheslm  h-.TO  upon  the  ImilinB  point  f  How  may  liquids  In;  made 
lo  hoil  Meadily !     What  effect  has  air  dtsoolved  inhaler  npon  the  evolution  of  rapoi.' 
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Ti'ater  freo  froni  air,  whicli  has  been  heated  to  a  temperature  of  ZuO"  or  260°  F., 
Hw  wliole  Tolume  instantly  becomes  a^tated  in  a  aingular  manner,  and  an  ex- 
plosion generally  occurs. 

I6i.  Spheroidal  State  .—When  a  drop  of  water  ialls  upon  a,  got- 
EicB  highly  heated,  as  of  metal,  it  mill  be  observed  to  roll  along  the  EurfacB 
■without  adhering,  or  immediately  passing  into  vapor.  The  explanatiou  of 
this  is,  that  the  drop  of  water  does  not  in  reality  touch  the  heated  suriace,  but 
ia  buoyed  up  and  aapported  on  a  layer  of  vapor  which  intervenes  between 
the  bollom  of  the  drop  and  Iho  hot  suriaee.  This  vapor  ia  produced  by  the 
lieat  which  is  radiated  froDi  the  hot  substance,  betbre  tUe  liquid  csji  come  in 
contact  with  it,  and  being  constojiUy  renewed,  continues  to  support  Iho  drop. 
The  drop  generally  rolls  because  the  current  of  ^r  which  is  alwaya  paesing 
over  a.  heated  surface  drives  it  forward.  The  drop  evaporates  slowly,  because 
the  layer  of  vapor  between  llio  hot  sur&ce  and  the  liquid  prevents  the  rapid 
transmission  of  beat.  The  liquid  rcstii^  upon  a  cosliion  of  steam  continuoDy 
evolved  from  its  lower  suriace  by  heat,  aesumea  a  rounded,  or  globular  ehape, 
as  the  result  of  the  gravity  of  its  partictea  toward  its  own  center. 

The  des^i^iatloQ  which  has  been  given  lo  the  condition  which  water  and 
other  liquids  assume  when  brought  in  contact  with  very  hot  surfaces,'  is  that 
of  the  "  spheroidal  state." 

If  the  surface  upon  which  the  liquid  rests  ia  cooled  down  to  such  an  ex- 
tent that  vapor  ia  not  generated  rapidly,  and  iti  auEdent  quantity  to  support 
the  drop,  it  will  come  in  contact  with  llie  surface,  and  heat  bemg  communni- 
cated  by  conduction,  will  transform  it  instantly  into  steam. 

This  ia  the  explanation  of  the  practice  adopted  by  Iducdressea  of  tonching 
0  Oat-iron  with  moisture  to  ascertain  \^  bother  the  surface  is  sufficiently  hot. 
If  the  temperature  of  the  iron  is  not  eletatLd  mfficieutly,  Hie  moisture  wets 
tlie  surface,  and  is  evaporated,  but  at  a  higher  degree  of  temperature,  tho 
moisture  is  repelled. 

The  phenomenon  of  the  spheroidal  condition  of  wat  r  furnishes  an  explana- 
tion of  the  Ibats  often  performed  byjujglers,  of  plun^ng  the  hands  with  im 
punity  into  molten  lead,  or  iron.  The  hand  la  moistened,  and  when  passed 
into  the  liquid  metal  the  moisture  ia  vaporized,  and  interposes  between  tho 
metal  and  tlie  skin  a  sheath  of  vapor,  lo  its  conversion  into  vapor,  tho 
moi^uro  absorbs  heat,  and  thus  still  further  nrotecta  the  skin. 

Tho  bulb  of  a  thermometer  plunged  mto  liquids  while  m  tho  spheroidal 
state,  indicates  temperatures  considerably  below  the  ordinary  boilmg  point. 
Thus  water  ia  a  spheroidal  state  has  a  temperature  of  205°,  alcohol,  167°; 
ether,  93°;  sulphurous  acid,  13°.  When  distilled  water  is  alloiied  to  tall 
drap  by  drop  into  sulphurous  acid  in  the  spheroidal  state,  tlia  water  is  in- 
Btaatly  congealed  into  a  spongy  mass  of  lOO,  even  when  Uio  coutammg  veaael 
is  red  hot. 
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155.  Distillation,  or  Sublimation,  is  a  process  by  which 
one  bjdy  is  separated  from  another  iu  close  vessels,  by 
means  of  heat,  in  cases  where  one  of  the  bodies  assumes 
the  form  of  vapor  at  a  lower  temperature  than  the  other ; 
this  first  rises  in  the  form  of  vapor,  and  is  received  and 
condensed  in  a  8e|)arate  vessel.  The  operation  ia  termed 
Distillation,  when  the  vapor  formed  condenses  into  a 
1  ijnid,  and  Sublimation  when  it  condenses  into  a  sohd. 
The  product  in  the  first  instance  is  called  a  distillate,  and 
in  the  second  a  sublimate. 
When  tiio  product  of  ono  distillation  is  aubji?ctod  to  further  distillations, 
greater  oxtent  from  less  volatile  substaacea,  iho 


easily  separated  from  less  vola- 
Fig.  43. 


operation  ia  Called  rectijkaii/ni 

By  tliis  means  very  volatQs 
tile  ones;    as  brandy  and 
alcohol  from  the  less  vola- 
tile water  which   may  bo 
mixed  with  them.     Water 
of  ejttreme  purity  can  aho 
be  obtiuued  by  distillation, 
because    the    non-volatile 
and  eartJiy  sabstar.ees  con- 
tained in  all  spring  waters 
do  not,  a.scenJ  with  tlie  i 
por,  but  remain  behind 
the  vessel 

DislillatioQ  upon  a  small  scale  is  efFecled  by  means  of  a  peculiar-shaped  vea- 
sol,  called  a  retort.  Fig.  43,  which  is  half  fliled  with  a  volatile  liquid  and 
hoated;  the  steam,   as  it  forms,  passes  FlG.  44. 

through  the  necit  of  the 
receiver  set  into  a  vessel  filled 
water,  and  is  then  condensed. 

When  the     pcra  ol 


vessel  called  a         ff 

condoning 

Btmct^d,  holdi  g  serpe 

'■  worms,"  whi  se 

denaing  surfU 

duNictly  tliroug 

coil  of  pipe  coo 


'    Wiuit  is  rtotilical 
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with  cold  water.  In  Fig.  44,  a  ia  a  fumaoc,  in  which  ia  fisod  a  copper  ves. 
ael,  or  still,  to  contain  tlie  liquid.  Haat  being  applied,  the  steam  rises  m  the 
head,  6,  and  passes  tlirough  the  worm,  d,  whieli  is  plaeed  in  a  vessel  of  water, 
the  refrigeratoc.  The  vapor  thus  generated  ia  condensed  in  its  passage,  and 
passes  out  as  a  liquid  by  llio  eitemal  pipe  mto  a  receiver. 

156.  Drying  aiid  Vintillation . — Tho  difference  between  drying 
by  heat  and  distillation  is,  that  in  one  case,  the  substance  vaporized,  being  of 
no  use,  is  allowed  to  escape  or  become  dissipated  ia  the  atmosphene ;  whilo 
In  the  other,  being  the  valuable  part,  it  is  caught  and  condensed  mto  tiu 
liquid  form.  The  vapor  arising  from  damp  linen,  if  caught  and  condonaed 
would  be  distilled  water ;  the  vapor  ^ven  out  by  bread  wliilo  baking,  would, 
if  collected,  be  a  spirit  like  that  obtained  m  the  distillation  of  grain. 

157.  LatCDt  Heat. — When  a  solid  ia  converted  into  a 
liquid,  or  a  liquid  into  a  vapor  or  gas,  heat  in  large  quan- 
tity disappears,  and  ceases  for  the  time  to  affect  the  ther- 
mometer. It  is  not,  however,  ah  u  hu  n  a 
incorporated  with  the  substanc  f  he  1  d  g 
in  an  insensihle  condition.  H  u  a  a  n  la 
termed  Latent,  or  Insensible  H 

For  e^ramplo,  if  a  thermometer  be  app  m  ss 

upon  the  point  of  melting,  it  will  he  fbuu    to    ta  be 

placed  in  a  vessel  over  a  fire,  and  the  tempera    re  mm 

has  entirely  melted,  the  water  produced     ill  nl  mpe     ur 

32',  tho  same  aa  that  of  the  origin^  ice     H  rmg 

proceiss  ofmelting,  has  been  passing  rapidl   mto  e^se  iro  re  an 

if  a  quantity  of  mercury,  or  a  sohd  of  th         m  ha     bee  posed 

the  same  amount  ofhcat,  it  would  have  CO    ta        m       se         tc 
It  ia  clear,  therefore,  that  tlie  conversion 
hss  been  attended  with  a  disappearance  o 

Again,  if  a  pound  of  water  at  212°  F,  ho  raised  with  a  pound  of  water 
at  33°  F.,  we  shall  obtain  two  pounds  of  water  at  122°,  a  temperature  ex- 
actly intermediate  between  the  temperature  of  the  two.  If,  however,  a 
pound  of  ice  at  32",  is  mixed  with  a  pound  of  water  at  212°,  we  shall  ob- 
tain two  pounds  of  water,  of  which  the  temperature  ia  only  51°.  In  this 
case  the  water  has  lost  161°,  while  the  ice  has  apparently  gained  but  19° ; 
BO  that  142"  have  disappeared,  or  become  latent.  Thus,  in  order  to  convert 
a  pound  of  ice  at  32°  F.  into  water  at  33°,  aa  much  beat  is  required  as  would 
be  sufBoient  to  raisa  142  pounds  of  water  from  32°  to  33°  P.  Water,  there- 
fore, may  be  regi^ded  as  ice  in  combina^n  with  a  certam  quantity  of  heat. 


Uhest)    Wli«t  f^iperluie 
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158.  Heat  required  to  Melt  I C  e— Some  idea  of  the  quantitj 
of  heat  that  is  required  to  convert  ice  into  water,  without  any  apparent  rial, 
n  m  n  u  c,  inaj  bo  formed  from  tho  fiuii  that  tlie  tdmple  cuDvergioti  of  a 
cub      f  tliroe  foot  on.  the  sid«,  into  water  at  32°    would  abaorb  tho 

wh   B  am     ot  of  hoat  emitted  during  Ihe  combustion  of  a  buthtl  of  eoaL 

con  rs  on  fa  liquid  into  gas  or  vapor,  heat  disappears  to  a.  much  greater 
exten    haa  n  tho  couveraon  of  a  sohd  into  a  liquid. 

The  ahsorplion  of  hoat  by  vaporization  may  he  easily  nndered  perceplihio 
to  tho  feelings  by  pouring  a  few  drops  of  some  hiju  d  which  readily  evapo- 
rates, such  as  ether,  alcohol,  etc,  up  n  tj  e  hand  A  sensation  ot  cold  is 
immediately  experienced,  because  the  hand  is  deprived  of  heal^  which  13 
drawn  away  to  effect  the  evaporaS  n  of  the  liquid  On  the  same  pmiciple, 
inHammation  and  fcverish  heat  in  the  hca  i  maj  bo  allayed  by  bathing  the 
temples  with  any  liquid  which  eyaporatea  oaah  aa  Cologne  nater,  alcohol, 
vinegar,  etc. 

A  vessel  containii^  water  placed  over  a  source  of  heat  w  hich  is  tolenbly 
uniform  in  temperature,  receives  cqn  1  ac  essi  na  of  hcj.t  in  equal  limta 
Tlio  water  at  first  rises  steadily  in  temperature  and  at  212°  it  bod^  After 
this,  no  matter  how  much  the  heat  is  increased,  provided  the  steam  be  al- 
lowed lo  escape  freely,  it  becomes  no  hotter ;  all  the  heat  which  is  added 
serviog  only  to  convert;  the  water  at  212°  into  steam  or  vapor 

Thia  fact  ia  of  conaidorablo  importance  in  domeatie  economy,  and  atti  ntion 
to  it  will  save  much  fuel  in  culinary  operations.  Soups,  etc.,  made  to  boil  in 
a  gentle  way  by  the  application  of  a  moderate  heal,  are  just  as  hot  aa  when 
they  are  made  to  boil  over  a  strong  Are  with  tho  greatest  violence.  When  a 
liquid  ia  once  brought  to  the  boiling  point,  the  fire  may  bo  reduced,  as  a 
comparatively  small  quantity  of  heat  will  he  then  sufficient  to  maintain  it 

IGO.  Latent  Heat  of  Steam — If  we  immerse  a  thermometer  m 
boiliog  water,  it  stands  at  212°  ;  if  we  place  it  in  steam  unmcdiately  above  it, 
it  indicates  Che  same  temperature.  The  question  then  ariaes,  what  becomea 
of  all  the  heat  which  is  communicated  to  tho  water,  since  it  is  neither  indi- 
cated by  the  water  nor  by  the  steam  formed  from  it  ?  Tho  answer  ia,  that 
it  enters  into  the  water  and  converts  it  into  steam,  without  raising  ita  tem- 
perature. The  proof  that  st«am  contains  more  heat  than  boilii^  water,  is  to 
bofoundmtho  feet  that  if  ive  mix  an  ounce  of  water  at  212°  with  five  and 
a  half  ounces  of  wiitcr  at  .'i2°,  we  obl^n  six  and  a  half  ounces  of  water  at 
a  temperature  of  about  60°  ;  but  if  we  mix  an  ounce  of  steam  at  212°  mtli 
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firo  and  a  half  ounces  of  water  at  12°  we  obtain  sis.  anJ  a  hilf  ouncea  of 
water  at  21Z°.  The  steam,  from  vhich  the  incnased  heat  j^  all  ckrived, 
coDbuoa  aa  much  more  heat  than  tho  ounce  of  natcr  at  the  same  ttrmptra- 
turo,  as  would  be  noocaaari'  to  raiao  sii  and  a  halt  ouaoos  ol  water  from  the 
tomperatiiTO  of  60°  to  212°,  or  bix  and  a  half  times  as  m  u-h  heit  aa  would 
bo  roquisito  to  rmae  one  ounce  of  wat'  r  through  about  152°  of  ten  p  nturo 
This  quaQlity  of  heat  will  thenfjro  he  fonui  by  multiplying  152°  bj  six 
and  a  hal^  which  will  give  a  prod  K?t  of  918° — the  tvetas  of  heit  cf  ntuned 
in  an  onnco  of  8t«atn  at  312°  over  that  cotitaini.d  m  an  oum^  of  boding 
crater  at  the  same  temperatuie 

In  round  numbers,  tlierefore,  t 
in  the  conversion  of  water  into 
of  steam. 

The  absorption  of  heat  in  the  process  by  which  t  quids  ire  converted  into 
vapor,  will  explain  why  a  vessel  containing  a  liq  ud  that  is  con-slanlly  exposed 
to  the  action  of  flre,  can  never  reciivo  snob  i  degree  of  heit  as  would  de- 
stroy it  A  tin  kcttto  containmg  water  may  be  exposed  to  Uie  action  of  tho 
most  fierce  furnace,  and  remain  uuinjured  ;  but  if  it  be  exposed,  without  con- 
taining water,  to  the  most  modorale  fire,  it  will  soon  be  destroyed.  The 
heat  which  the  flre  imparts  to  the  kettle  containing  watd^r  is  imniedjately  ab- 
aoibod  by  tho  steam  mlo  which  the  water  is  converted.  So  long  aa  wattr 
is  continued  in  the  vessel,  tliis  absoiption  of  heat  will  continue ;  but  if  any 
part  of  the  vesael  not  containing  water  be  exposed  to  the  fire,  the  metal 
will  be  fused,  and  the  vessel  destroyed. 

161.  Effects  Prodnccd  by  the  Absorption  of  Heat.— 
In  the  conversion  of  solids  into  liquids,  and  of  liquids  into  gases  or  vapors, 
the  heat  which  disappears  is  tha  agent  by  which  liquefection  in  the  one  case, 
and  taporization  in  tho  other,  are  produced  |  in  otlier  words,  the  absorption 
of  a  certain  amount  of  heat  ia  necessary  for  the  production  of  the  change,  A 
liquid,  therefore,  may  be  regarded  as  a  compound  of  a  solid  and  heal,  and 
a  vapor  as  a  compound  of  heat  aud  tho  liquid  from  which  it  was  formed. 

162.  Freezing  fflillures, — The  absorption  of  heat  con- 
secLuent  on  the  conversinn  of  solids  into  liquids,  has  Leen 
taken  advantage  of  in  the  arts  for  the  production  of  ar- 
tificial cold  ;  and  the  compounds  of  different  eubstances 
which  are  made  for  this  purpose,  are  called  freezing  mix- 
tures. 

Tho  most  simple  IVeezing  mixture  is  snow  and  salt.  Salt  dissolved  m 
water  would  occasion  a  reduction  of  temperature,  but  when  tho  chemical  re- 
lations of  two  solids  are  such,  tiiat  both  by  mixing  are  rendered  liquid,  a  still 

ponf  Wtutare  freeElog  mlitureaf  Wh^  doea  a  miiturq  of  aanw  and  tali  produca  a 
hijh  doffreo  of  cjld  f 
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greater  Uegree  of  cold  is  produced.  Such  a  relatioQ  exists  between  aaJt  and 
snow,  or  loe,  aud  Wierefbte  the  latter  subalaDCea  are  used  in.  prtlerence  to 
water.  Wlien  tlie  two  are  mixed,  Uie  salt  causes  t]ie  enow  to  melt  by  rea- 
Gon  uf  ita  attiacUoa  for  water,  end  tlie  water  formed  dissolves  tbe  Bait ;  so 
tJiat  both  pass  from  the  solid  to  the  liquid  condition.  If  die  operation  is  BO 
conducted  tliat  no  heat  is  supplied  from  any  external  source,  it  follows  that 
tlie  beat  al:isorbed  in  liquefaction  must  be  obtmncd  from  the  salt  and  saonr 
which  comprise  ibe  mixture,  and  they  must  therefore  suCbr  a  depression  of 
temperature  proportional  to  tlie  heat  which  is  rendered  latent 

In  tills  ivay  a  di^oe  of  cold  equal  to  40°  below  the  freezing  point  of  wati-r 
may  be  obtamed.  Tlio  application  of  this  experiment  to  tiie  freezing  of 
ice-creams  is  fimiliar  to  ell. 

By  mixing  snow  and  aulplrario  add  together  in  proper  proportions,  a  tsm- 
peraturo  of  from  70=  to  00"  below  zero  can  be  obtained  without  difficulty. 

A  Tery  convenient  process  for  freezhig  water  witliout  tlio  uso  of  ice  is  to 
drench  finely-powdered  sulphato  of  soda  with  tlio  undiluted  hydrocWorio 
(muriatic)  add  of  Uio  shops.  In  this  way  a  very  low  temperature  may  ba 
readily  obtained.  Tlie  tcescI  in  wliich  the  misture  is  mado  becomes  cov- 
ered with  boat  frost,  and  water  in  tubes  or  bottles  uomerscd  in  the  mixture, 
is  speedily  frozen. 

163.  Greatest  Artificial  Cold — The  most  intense  artifldai  cold 
is,  however,  prodaced  by  the  rapid  ev^oration  of  liighly  volatilo  Uquids,  such 
as  result  from  the  condensation  and  liquelaolion  of  certain  gases.  By  means 
of  a  mixturo  of  liquid  nitrous  oxyd  aud  snlpiiurct  of  carbon,  placed  under  tlio 
exhausted  receiver  of  an  air-pump,  M.  Katterer  obtained  the  enormously  low 
lomperature  of  two  hundred  and  twenty  degrees  below  zero. 

The  cold  produced  by  evaporation  is  duo  to  iho  absorption  of  heat  by  the 
newly-formed  vapor,  and  the  more  rapidly  evaporation  takes  place,  tho  more 
rapidly  is  heat  abstracted  from  the  evaporating  liquid  and  ii'om  surrounding 
substances. 

164.  Freezing  by  Evaporation . — Ether  may  be  mado  to  evapo- 
rate so  rapidly  as  to  freeze  water,  even  in  summer.  This  may  be  illustrated 
by  Blling  a  small  glass  tubo  with  water,  and  surrounding  it  with  cotton,  or 
some  other  porous  substance,  soaked  in  ether.  If  a  current  of  an-  bo  then 
directed  upon  the  cotton  from  a  common  Ijollows,  tho  utlier  will  evaporate 
and  absorh  heat  so  rap- 
idly, as  to  eonyert  the  Pig.  45. 


:i(^^~-~~~^ 
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crjophorus,  or  frost-bearer,  Blrikingiy  iEualr.ites  li  p  od  n  co  bj 
evaporation.     It  eonsista  oftwo  glaaa bulbs  connec   d  b    a  tu  ta 

i:^  a  poltioQ  of  water,  as  represented  in  Fig.  45.    T      ai    is  Jirs        poll 
ironx  the  instrument  by  boiling  the  water  inclosed,  an     all  w  ng   h      team 
to  eacape  by  a  small  opening  at  the  estremity  of  th    li       p     ei-     g       o, 
While  the  instrument  is  entirely  filled  with  steam,  is   used 

ihs  blow-pipo  flame,  and  tlie  opeaiog  hennetically    os  d.      a      p     m         g 
witli  this  instrument,  tlie  water  is  all  poured  into  o      b         nd    h       h 
empty  bull),  is  placed  in  a  basin  containing  a  mis  ub  d  salt.    Th 

vapor  in  the  cooled  buH>  is  condeQaod,  but  Us  place       m      d  soppli  d 

by  vaigoT  which  rises  into  the  vaeuum  itom  the  wate  h  b    b      4. 

rapid  evaporation,  therefore,  takes  place  in  the  wate  bbadcodn^  q 
in  the  empty  bulb,  until  by  reason  of  the  condensation  and  rap  1  p  at  o, 
tho  ^valer  in  the  former  bulb  is  cooled  so  low  as  to  freeze. 

Practioal  Illustrations  ^A  shower  of  rain  ool  th  a  m 
summer,  because  the  earth  and  the  air  both  part  with  their  heat  (  p  t 
evaporation.     In  a  like  mann'jr,  ttie  aprmkling  of  a  hot  room  with  water  cools 

The  danger  arising  from  wet  feet  and  clothes  is  owing  lo  the  absorption  of 
heat  &om  the  Ijody  by  the  evaporation  (lt>ra  the  surfaces  of  the  wet  materials ; 
the  temperature  of  the  body  is  in  this  way  reduced  below  its  natural  standard, 
and  the  proper  circulation  of  the  blood  inteirupled. 

The  evaporation  which  takes  place  continually  from  the  surface  of  tlie 
sicin  and  the  cells  of  the  lungs  of  ammals,  is  a  powcrtUly  cooling  agency,  and 
a  protection  against  external  heat  Wlien  the  heat  of  the  body  is  increased 
by  exercise,  or  by  exposure  to  h^h  temperatures,  perspiration  and  evapora- 
tion take  place  rapidly.  Heat  is  thereby  absorbed  and  rendered  latent  in 
large  quantity,  and  a  healthy  temperature  of  Uie  system  maint^ned.  It  is 
on  this  principle  that  persons  are  enabled  to  expose  tliemselvea  for  a  timo 
to  an  atmosphere  of  very  high  temperature  without  serious  mconvenience, 
as  In  foundries,  boiler-rooms  of  steamers,  ovens  of  manufactories,  etc.  I^ 
however,  the  air  be  moist,  or  the  surface  of  the  skin  be  varnished,  so  as  to 
check  or  prevent  perspiration  and  evaporation,  the  heat  can  only  bo  sus- 
tained for  a  few  momenta. 

The  air  in  the  spring  of  the  year,  when  the  ice  and  snow  are  thawing, 
is  always  peculiarly  cold  and  chilly.  This  is  due  to  the  constant  absorption 
of  beat  from  the  air  by  the  ice  and  snow  in  their  trajisition  from  a  solid  to  a 
liquid  state. 

166.  ConTersion  of  Latent  into  Sensible  Heat, — When 
vapors  are  condensed  into  liquids,  and  liquids  aro  changed 

BHnequaHiB  tlietemperatateuflheboilrt  Wlifis  the  air  tn  Ihe  spring  of  the  jesr 
pecnliarly  cold  snd  cLUlr?    Unier  wluit  citeuiuBiioceB  is  lilrat  coavcrtea  Into  Benaibl* 
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into  solids,  the  latent  heat  contained  in  them  is  set  free, 
or  made  sensible. 

If  water  be  taken  into  an  apartment  whose  temperature  is  several  degrees 
below  the  freezing  point,  and  allowed  to  congeal,  it  will  render  the  room  sen- 
Bibly  warmer.  It  is,  therefore,  in  atimrdanco  with  this  prindple  tliat  tubs  of 
water  are  allowed  to  freeze  in  cellars  in  order  to  prevent  excessive  cold. 

The  lai^e  amouQt  of  heal  latent  in  water,  whieh  it  gives  forth  as  it  tl-eeaes, 
fomishea  a  source  of  lieat  of  the  greatest  value  in  mitigatii^  tiie  severity  of 
wbter,  and  in  renderit^  the  transitions  of  atmospheric  temperature,  from  heat 
to  cold  and  from  cold  to  heat,  uniform  and  gradual. 

In  the  colder  regions,  every  ton  of  water  converted  into  ice  ^vea  out  and 
disuses  in  the  surrounding  region  as  much  heat  as  would  raise  a  ton  of  water 
from  32°  to  1I*°  i  and,  on  the  other  hand,  when  a  rise  of  temperature  lakes 
place,  the  thawing  of  the  ice  absorlis  a  lite  quantity  of  heat :  thus,  m  the  ona 
case,  supplying  beat  to  the  atmosphere  when  the  temperature  ^Ils ;  -and,  in 
the  other  absorbing  heat  from  it  when  the  temperature  rises. 

In  the  winter,  the  weather  generally  moderates  on  the  fall  of  snow ;  snow 
is  frozen  water,  and  in  its  formation  heat  is  imparted  to  the  atmosphere,  and 
its  temperature  increased. 

Steam,  on  account  of  tho  latent  heat  it  oont^ns,  is  well  adapted  for  tho 
warnung  of  buildings,  or  for  cooking.  In  passir^  throi^h  a  line  of  pipes,  or 
through  meat  and  vegetables,  it  is  condensed,  and  impads  to  tho  adjoining 
aurtiicos  nearly  lOOOo  of  the  latent  heat  which  it  contained  before  condensation 

Steam  bums  much  more  severely  than  boding  water,  for  the  re^wn  that 
the  heat  i%  imparls  to  any  surface  upon  which  it  is  condensed,  is  much  greater 
than  that  of  boiling  water. 

167.  ElastiB  Forte  of  Vapors.— All  vapors  are  elastic, 
like  air. 

The  tendency  of  vapors  to  expand  is  generally  consid- 
ered to  bo  nnlimited  ;  that  is  to  say,  the  smallest  quantity 
of  vapor  has  a  tendency  to  diffuse  itself  through  every 
part  of  a  vacuum,  be  its  size  what  it  may,  exercising  a 
greater  or  less  degree  of  force  against  any  obstacle  which 
may  restrain  it. 

Recent  researches  of  M.  Bahlnet,  a  Prcnch  physicist,  seem  to  show,  that  all 
gases  and  vapors  entirely  lose  their  elasticity  when  reduced  to  a  certain  de- 
gree of  tenuity,  and  that  no  gas  or  vapor,  formed  under  the  ordinary  pressure 
of  the  atmosphere,  can  expand  sufficiently  to  fill  an  empty  space  20,000  tiinea 
greater  tlian  the  original  volume  of  the  gas  or  vapor. 

lJn>»wOBB — How  does  the  freeslni 
roundinii  BtmaBphRre  f  Why  ia  stea 
fsrcooklner  Why  dnesUesm  burn 
Wbat  it  niA  of  the  elaitlclty  of  vipo 


HnjtcdbyGoOglc 


106  PRINCIPLES    OF     CHEMISTEY. 

The  force  with  which  a  vapor  expands  is  called  its  elastic 
force,  or  tension. 

Tho  elasticity  or  pressure  of  vapors  ia  best  illustrated  in  the  case  of  steam, 
which  may  be  oooaidered  as  the  typa  of  all  vapors. 

168.  Kxpansive  Force  of  Steam  .—When  a  qnantity  of  pure 
steam  is  confined  in  a  close  ressel,  its  elastic  force  will  exert  on  every  part 
of  the  interior  of  tho  vessel  a  certtdn  pressure  directed  outward,  having  a 
tendoncf  to  burat  the  vesaeL 

When  Bte«m  ia  generated  in  an  open  vessel  its  elasljc  force  must  be  equal 
to  the  elastic  force  or  pressure  of  the  atmosphere ;  otherwise  the  pressure  of 
the  air  mould  prevent  it  from  forming  and  rising.  Steam,  therefore,  produced 
from  boilii^  water  at  212°  F.,  is  capable  of  exerting  a  pressure  of  15  pounds 
upon  every  square  inch  of  surfcioe,  or  one  (on  on  every  aquare  foot,  a  force 
equivalent  to  the  pressure  of  the  atmosphere. 

If  water  bo  boiled  undor  a  diminished  pressure,  and  therelbre  at  a  lower 
temperature,  the  steam  which  is  produced  from  it  wiil  have  a  pressure  which 
is  diminished  in  an  equal  degree.  I^  on  tho  contrary,  the  pressure  under 
which  water  boils  he  increased,  the  boiling  temperature  of  tho  water  and  the 
pressure  of  the  steam  formed  will  be  increased  in  a  like  proportion.  We  have, 
therefore,  the  following  rule  ■ — 

Steam  raised  from  water,  boilinfj  under  any  given  pres- 
snre,  has  an  elasticity  always  equal  to  the  pressure  under 
which  the  water  boils. 

Steam  of  a  high  elastic  force  can  only  be  made  in  close  vessels,  or  boilers. 
Tiio  water  m  a  steam-boiler,  in  the  first  instance,  boils  at  2 12°,  but  the  steam 
thus  generated  being  prevented  from  escaping,  presses  on  the  surface  of  the 
water  equally  as  on  the  surfeco  of  tho  boiler,  and  therefore  the  boiling  point 
of  the  water  tecomes  higher  and  higher;  or  in  other  words,  the  water  has 
to  grow  constantly  hotter,  in  order  that  tlie  steam  may  form.  The  atcam 
thus  formed  has  tho  same  sensible  temperatare  as  the  water  which  produces 

169.  Mareet's  Digester. — The  aboveprinoipleaareexperimentally 
proved  by  means  of  an  apparatus  known  as  Mareet's  Digester.  This  con- 
siflfa  of  a  stout  globular  vessel  of  iron.  Fig  46  into  which  a  portion  of  mor 
cury  is  poured,  and  then  water  sufficient  to  h  ilf  fill  it  Into  the  top  ol  tho 
vessel  a  long  glass  tube,  *,  is  tightly  fitted  open  at  both  ends,  and  d  pping 
into  tho  mercury.  This  tube  is  provided  with  a  scale  divi  led  into  muhes 
The  globular  vessel  has  also  two  other  openings,  into  one  of  wh  eh  a  sto[ 

QnniTiOHB.— What  la  the  force  irlth  which  a  vipor  eipinda  lirmear    In  what  manner 


er  ?    What  prinidplei  m 
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coek,  d,  is  screwed,  and  into  the  other  a  thertnom-  Fio.  +6, 

ctcr,  c,  having  ils  bulb  witliin  tiie  globe.     Heut  is  r^ 

applied  to  the  vessel,  anct  the  water  made  to  boil     So 
long  as  free  coramanication  with  the  atmosphere  is 
permitted  tlirougli  the  open  stop-cock  d,  the  tempera- 
ture of  ebullition,  aa  indicatetl  by  the  tliermometer,  c, 
tontiaucB  steady  at  212°,  and 'the  steam  formed  exerts 
a  pressme  of  course  equal  t«  one  atmosphere,  or  1 5  Iha. 
Ic  the  square  inch.     On  shutting  tlie  Btop-cock,  and 
continuing  the  heat,   the  temperature  of  the  interior 
rises  above  212°.    The  steam  in  the  upper  part  of  the 
TGEsel  becomes  denser,  and  as  iresh  portions  continue 
to  rise  from  the  water,  the  pressure  on  the  surtace  of 
the  water  increases,  aud  this  m  turn  pressing  upon  the 
mercury,  forces  it  to  ascend  m  the  tube.    Now  the 
height  of  the  raereurul  column  expresses  the  elastic 
force  or  pressure  of  the  8l«ara  produced  m  the  boiler 
at  any  particular  temperature  above  312°.     Thus  the 
weight  of  that  section  of  the  atmosphere  whteh  presses 
upon  the  mercury  in  Uie  open  end  of  the  tube  is 
equivalent  to  the  weight  of  a  coluom  of  mercuty  of 
30  inches ;  and  this  pressure  must  be  overcome  by  the 
steam  at  212"  before  it  can  commence  to  act  upon  the 
mcrcnnal  guage  at  alL    For  every  tliirty  inches  after  this  that  the  mercury 
is  forced  up  into  tho  tube  by  the  steam,  it  is  said  to  have  the 
clastic  force  of  another  atmosphere.    Tlius,  when  the  mercury 
stands  at  30  inches,  tlie  steam  is  s^d  to  bo  of  two  atmospheres ;  ! 
of  two  and  a  half;  at  GO  mohes,  of  three  atmospheres,  and  so  on 
ing  point  of  the  water,  ^so,  as  shown  by  the  thermometer,  ' 
pressure  of  tlie  steam  upon  its  sur&ce.    "When  the 
inches,  or  when  the  pressure  on  the  water  is  equal 
atmosphere,  the  thermometer  marks  a  temperatv 


the  tube 
45  inches. 
The  boil- 
with  tho 
stands  at  30 
that  of  an  additional 
of  249°  ;  at  60  inches, 


inches,  or  with  a  pressure  of  four  atmospheres,  291°,  and  so  on. 
no.  Tables  of  tlie  Temperature  and  Prcssnrt)  of 
Steam.^As  tiie  relation  between  tho  temperature  and  the  pressure  of 
steam,  and  Hie  varying  temperature  at  which  water  boils  or  gives  off  steam 
under  pressure,  are  matters  of  great  importance  in  connection  with  the  steam- 
engine,  the  French  government  many  years  ago  appointed  a  oommiaaon  of 
eminent  scientjflc  men  to  investigate  the  whole  subject.  The  result  of  their 
labora  has  been  embodied  in  a  aeries  of  tables,  which  show  at  once  the  pres- 
sure of  steam  formed  in  contact  with  water  at  any  given  temperature,  or  con- 
versely, tlie  temperature  at  any  pven  pressure.  It  was  thus  found  that  the 
temperature  of  steam  capable  of  exerting  a  pressure  of  twenty  five  atmos- 
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pherea,  or  315  poimda  upon  each  square  inch  of  boiler  surtiu? 
I'he  teEperature  of  the  water  protlucing  aleam  of  this  pressur 
jquently  tlie 


ni.  U 


of   f 


Tho  appUiation  of  tlieae  prindpleB  aQbrda  a  ready  method  of  determining  iho 
pressure  at  any  moment  wliith  steam  oserta  upon  the  interior  of  a  boiler,  or 
upon  the  piston  of  a  stonm-engine.  Thus,  if  a  thermometor  inserted  into  a 
Bteam-boiler  indica«ea  a  temperature  of  212°  F.,  we  know  that  the  steam  os- 
erts  a  pressure  of  one  atmospliero,  or  15  pounds  upon  a  square  inch  ;  if  the 
thermometer  stands  at  249°.  the  pressure  is  30  pomids-  at  ai30,  45  pounds; 

112.  Barometer   Gnage . — The  degree  of  preaauro  which  steam  ci- 
erla  upon  the  hitorior  of  the  boiler  is,  however,  more  generally  determined  by 
the  height  lo  which  a  column  of  mercury  ia  elevated  mid  sustained  by  such 
pressure.    Tho  instrnment  employed  for  this  purpose  ia  termed  a  "  steam"  or 
FiQ,  47_  "barometer  guags."     It  consists  simply 

of  a  bent  tEibc,  A,  C,  D,B,  Pig.  47,  fitted 
into  the  boiler  at  one  end,  and  open  to 
tho  air  at  the  other.  The  lower  part  of 
tlio  bend  of  the  tube  contains  mercury, 
which,  when  the  pressure  of  steam  in 
the  boiler  is  equal  to  that  of  the  external 
atmosphere,  will  stand  at  the  same  level, 
H,  li,  in  both  legs,  of  the  tube.  When 
the  pressure  of  the  steam  is  greater  tlian 
that  of  the  atmosphere,  the  meroory  is 
depressed  in  (he  lag  0  D,  and  elevated  in 
the  leg  D  B.  A  srole,  G,  ia  attached  to 
the  long  arm  of  tlic  tube,  and  by  observ- 
ing the  difference  of  the  levels  of  the  mei^ 
cury  in  the  two  tnbca,  the  pressure  of  the  steam  may  be  calculated.  Thus, 
when  the  mercury  is  at  the  same  level  in  both  legs,  the  pressure  of  the 
8t«am  balances  the  pressure  of  the  atmosphere,  and  is  therefore  15  pounds 
per  square  inch.  If  the  mercury  stands  30  inches  higher  ia  tho  long  arm 
of  the  tube,  then  the  pressure  of  tbe  steam  ia  equal  t«  liiat  of  two  atmos- 
pheres, or  is  30  pounds  to  tlie  square  ineli,  and  so  on. 

173.  Varying  Conditloos  of  S t eam-pr esfture^It  is  to  be 
understood  that  the  relations  between  the  pressure  of  steam  and  its  tempera- 
ture which  have  been  pomted  oat,  exist  only  when  (he  steam  is  in  contact 
ivith  a  body  of  water  from  whioli  fresh  steam  is  constantly  rising,  as  in  an 
ordinaiy  steam-boiler.  Under  such  circumstances,  the  elasUcity,  or  expanave 
force  of  the  steam,  increases  rapidly  with  its  increase  in  temperature,  but  iu 
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a  greater  degree  by  equal  addiaona  of  heat  at  high,  than  at  low  temperatures. 
H  however,  the  steam  is  heated  apart  from  water,  it  follows  the  law  that 
regulates  the  expansion  of  all  gaseous  bodies,  viz.,  that  equal  increments  of 
beat  expanil  it  equally  at  all  temperatures — this  expanaiou  being  equal  to 
l-490th  of  its  volume  at  32°  F.  for  every  additional  degree  of  heat  imparted  to 
it.* 

174.  nigh-pressure  Steam.— Steam  generated  by  water 
boiling  at  a  very  higii  temperature,  is  known  as  higli- 
presBure  Bteam.  By  this  we  mean  steam  condensed,  not 
by  the  withdrawal  of  heat,  but  by  pressure,  just  as  high- 
pressure  air  is  merely  condensed  air.     To  obtain  double, 

Unuo  to  Mpanii  nitli  addittona  of  heU,  but  BituaHy  contract.  Thn  first  in tonuation  which 
iras  obtaiDed  in  iclation  lo  tills  eQlJKt  wat  from  a  Torj'  daneerons  cipeiimeTit  tried  many 
years  rfnce  in  EnglaDd.  A  meaaured  quantity  of  ir«ler  was  placed  lo  a  boUer,  with  all 
the  aafety-valiei  moat  cerefnlly  clowd,  and  every  ch«nm  tor  the  escape  of  ateam  pre- 

a  regularly  increadn^  preBaure.  At  len^,  however,  lo  the  surprlHe  of  all,  the  preasura 
was  Been  slovly  but  gradually  lo  diminish,  and  althouf^h  the  hoiTcr-plaUiB  became  nearly 
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pounds  par  Bqnare  inch.  Alcohol,  which  occujded  2-Slhs  the  capacity  of  lis  tube, 
Uly  expanded  to  douMe  lis  volimio,  and  then  auddenly  disappeared  hi  vapor,  at 
perature  sf4M°F.  :  its  calculated preasuro iraa  3,600  pounds  per  square  inch; 
presEttre  iraa  only  1,100  pounds.  Water  was  found  lo  become  vsporin  a  space  e 
aboDl  four  thues  its  original  bulk,  at  a  temperature  of  about  TT3='.  At  this  lemp 
ils  solvent  power  was  so  grealJy  increaaed.  Itat  it  acted  moat  powerfaUy  upon  lli 
and  broke  it,  and  it  wia  found  necessary  to  add  carbonaloof  soda  tolheuattr  tod 

cloud  mied  Iho  tube,  ud  in  a  few  momouta  after,  the  liquid  auddenly  rc-appcarcd 

of  Ihcir  forced  ajid  cloae  contiguity,  are  partiaUy  conirolled  by  a  force  of  cohesion 
in  part  neutralises  the  eipan^vo  force  unparted  by  llio  heal.  ■ 

Qdibiiok.— WbM  is  hluh-presiuro  steam  t 
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triple,  or  greater  pressure  of  steam,  we  must  have  twice, 
thrice,  or  more  steam  under  the  same  Tohuae. 

175.  Super- heated  Steam. — Steam  which  has  been  heated 
in  a  separate  state  to  a  high  degree  of  temperature  is 
known  as  super-heated  steam.  In  this  coniHtioii  it  is  em- 
ployed for  the  production  of  effects  not  attainable  by  the 
use  of  ordinary  steam  ;  such  as  the  distillation  of  oils, 
the  carbonization  of  wood,  etc. 

In  some  of  the  processea  leoently  introduced  for  the  diatillationa  of  oils  by 
tlie  use  of  BUper-lioflted  stoamj  tho  temperature  of  the  steam  is  elevated  ta  a 
Huffieicnt  degree  to  molt  lead.  To  effect  the  carbooization  of  wood,  eteara  is 
elevated  to  a  high  degree  of  temperature  by  paasago  through  red-hot  pipes. 
It  is  then  allowed  to  enter  a  veasel  contaiuing  wood  which  is  intended  to  be 
converted  mto  ehareoal  The  heatod  steam  penetniting  into  the  pores  of 
the  wood,  drivea  off  the  volatilo  portions,  the  water,  tar,  etc,  and  leaves  tho 
pure  carbon  behind. 

In  the  manufiicture  of  lard  on  an  extensive  scfllo,  the  carcase  of  the  whole 
hog  is  exposed  to  the  action  of  ateam  at  a  very  high  pressure  and  tempera- 
ture. This  acting  upon  the  maas  of  fleah,  breaks  up  and  reduces  tho  whole 
to  a  fat  fluid  mass,  leaving  tho  bonea  in  the  stato  of  powder.  Steam  of  or- 
dinary pressure  and  temperature,  under  the  aama  droumstances,  would  not 
produce  this  effect, 

176.  Vapor  prodnced  by  different  liqnids.— Equal  bulks 
of  different. liquids  raised  to  their  respective  boiling  points, 
produce  very  different  quantities  of  vapor. 

Water  furnishee,  bulls  for  bulk,  a  much  larger  amount  of  vapor  than  any 
other  hquid ;  a  cubic  inch  of  water  at  its  ordinary  boiling  point,  212=,  ex- 
panding to  nearly  a,  cubic  foot  of  steam  at  212",  or  to  about  1700  limes  its 
volume ;  a  cubic  inch  of  alcohol,  on  the  other  hand,  at  its  ordinary  boiling 
temperature,  expands  only  528  timoa  its  volume ;  ether  to  298  ;  and  oil  of 
turpentine  to  193. 

1T7.  Ratio  between  Sensible  and  latent  Heat.— The 
Bum  of  the  sensible  heat  of  steam,  and  the  quantity  of 
latent  heat  contained  in  it,  are  always  the  same,  since  the 
latent  heat  of  steam  dimiiiishea  exactly  in  proportion  ea 
its  sensible  heat  rises. 

Water  may  bo  easily  made  to  boil  in  a  vacuum  at  the  temperature  of  100°, 
QaBBTiosa.— What  is  anper-hCBted  steam  (    For  what  purposes  Is  it  .ppilefl  ?    How  can 
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but  the  steam  generated  ia  much  less  dense  tlian  that  produced  at  212" 
and  has  a  greater  ]atent  heat.  !f  water  boils  at  3120,  the  amount  of  heat 
absorbed  (rendered  latent)  In  vaporization,  will  bo  lesa  by  100°  tlian  if  it  had 
boiled  at  212°  ;  and,  on  tho  contrary,  if  water  be  boiled  under  a  diminiaheil 
pressure,  at  112°,  the  heat  absorbed  in  vaporization  will  bo  100°  mora  than 
if  it  had  boiled  at  212°.    Henoo  thero  can  bo  nooeooomy  of  heat  in  distilling 

Tho  sum  of  the  sensible  and  latent  heat  of  steam  being  always  tbo  same, 
11840,  wo  may  very  readily  ascertain  tlio  latent  heat  of  steam  at  any  tempe- 
rature, by  subtracting  its  sensible  heat  from  this  constant  number.  For  ex- 
ample, sleam  at  280°  has  a  latent  heat  of  904o  (1184-280— .904);  so  also 
ateam  at  100°  has  1034='  of  latent  boat 

The  theory  of  latent  heat,  and  tiie  principles  which  govern  the  formation, 
expansion,  and  coadensalion  of  vapors,  are  practically  appUed  in  the  working 
of  tho  steam-engine,  and  in  many  industrial  operations.  A  further  considera- 
tion of  them  is,  however,  foreign  to  the  object  of  tliis  work. 

178.  Liiiuefaction  of  Goses. — Gases  were  formerly  con- 
mdered  to  be  easentially  different  in  their  nature  from  va- 
pors, but  comparatively  recent  experiments  have  shown 
that  their  constitution  is  similar,  and  is  owing  to  the  lalcnt 
heat  they  contain. 

Faraday  demonstrated  the  possibility,  by  the  joint  action  of  cold  and  jrreat 
presauro,  of  reducing  several  of  tho  ho  called  permanent  gasos  to  the  liquid 
and  even  to  the  solid  state. 

The  method  employed  by  him  was  PlG.  48. 

to  generate  the   gas  ftom  materials  '~ 

placed  in  one  end  of  a  strong  glass 
tube,  bent  in  tho  middle,  and  her- 
metically sealed,  as  represented 
ITg.  48.  The  gas,  accumulating  in 
conflned  space,  exerts  an  enormous  pressure  in  virtue  of  its  expan^ve  force ; 
the  effaot  of  which  is,  that  a  portion  of  the  gas  itself  condenses  into  a  liquid 
in  the  end  of  tho  tube  most  remote  trom  the  materials,  which  is  kept  cool  by 
immersion  in  a  frceang  mixture  This  experiment  is  a  somewhat  hazardous 
one,  from  the  liability  of  tho  tubeloburst  under  the  pressure  esertcd,  and  tho 
hands  and  &oe  of  the  operator  sliould  always  be  protected  by  gloyea  and  a 
mask  of  wire  gauze.  In  this  way  chlorine,  cyanc^on,  carbonic  add,  and  sev- 
eral other  gases,  may  be  liquefied. 

By  means  of  an  apparatus  of  different  construction,  but  involving  the  same 
prindple,  carbonic  add  gas  can  be  liquefied  and  solidified  in  lai^e  quantities. 
The  details  of  this  process  will  be  doacrihcd  under  the  chemical  couaderation 
of  this  substance. 


I  verfi  thua  litiuefied  F 
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Some  of  the  gaaea  arc  liquefiablo  with  much  greater  faeilitj  than  otliere,  and 
a  few  assume  a  liquid  or  solid  form  by  tlio  mere  applieation  of  cold,  aa  sui- 
phm^us  add  gas.  Others  have  resisted  all  attempts  to  reduce  them  to  a 
liquid  state  by  subjectioo  to  immense  preaam^  aided  by  the  greatest  artificial 
cold.  Among  th(«e  are  oxygen,  hydrogen,  nitrt^on,  carbonic  osyd,  coal  gas, 
etc.  Osygen  remained  gaseous  under  a  pressure  of  over  900  pounds  to  the 
square  inch,  and  at  a  tompemture  of  140°  below  zero. 

119.  AbMorption  of  Gasesby  Water  ^-All  gases  are  absorbed 
or  condensed  by  water  in  a  greater  or  leas  d^ree,  in  which  case  they  must 
certMnly  assume  the  liquid  form.  The  quantity  al)sorbed  is  very  different  for 
tUfferent  gases ;  and  in  tlic  same  gas  the  quantity  absorbed  depends  upon  the 
pressure  to  wliioh  the  gas  ia  subjected,  and  the  temperature  of  tlie  water. 
The  colder  the  water,  the  greater  t*e  quantity  of  the  gas  taken  up  and  re- 
tained by  it 


CHAPTER    III. 


LIGHT. 


180.  light  and  its  ChemitQl  Relations.— The  general 
consideration  of  the  laws  of  light  belongs  to  the  science  of 
Optics,  a  department  of  Natural  Philosophy.  Light,  how- 
ever, is  an  important  agent  in  producing  cliemical  changes, 
especially  in  the  organized  forma  of  matter ;  while  the 
physical  characters  of  an  object-,  revealed  by  the  mere  me- 
chanical action  of  light  on  its  structure,  are  often  of  ihe 
greatest  chemical  value. 

Abricf  reference  to  some  of  the  more  important  taws  and  phy^oal  prop- 
erties of  light,  conslatutes  a  proper  introduction  and  preparation  for  the  study 
of  its  chemical  effects. 

SECTION    I. 


181.  Nature  of  light.— Of  the  real  nature  of  light  a 
tnow  nothing.  Two  theories  or  hypothesis,  however,  ha 
been  proposed  to  account  for  its  phenomena,  which  a 
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known  as  the  Ctjrpuscular,  or  Emission  theory,  and  the 
UnJulatory  theory. 

182.  The  Corpusenlar  Tlicory  supposes  the  sensation  of 
light  to  bo  occasioned  by  the  transmission  of  particles  of 
a  refined  species  of  matter  tram  the  luminous  body  to  the 


eye. 

According  to  this  theory,  there  is  a  striking  analogy  or  resemblaneo  bo- 
t'veoQ  the  eyo  and  the  organs  of  smelling,  Tlius,  we  recognize  ttio  odor  of 
an  object  in  conSi.'qiionao  of  the  malcria!  particles  which  pass  froDi  the  object 
to  the  OTgaoa  of  smelling,  aod  then?  produce  a  sensation.  In  the  same 
manner,  a  viaible  object  at  any  dislance  may  be  auppoacd  to  send  forth  parti- 
cles ofligtit,  which  Eflovo  to  the  eye  and  produce  vision,  by  acting  mechan- 
ically on  ila  nervous  structure,  as  the  odorifuroua  particles  of  a  rose  pKiduce  a 
Ben^ble  effect  upon  the  organs  of  smell 

183.  The  Unilnlalory  Theory  supposes  that  all  space, 
and  the  interstices  of  all  inaterisl  objects,  are  pervaded  by 
an  elastic  medium,  or  ether,  of  inconceirahle  tenuity. 
This  medium  is  not  light  itself,  but  is  susceptible  of  being 
thrown  into  vibrations  or  undulations  by  impulses  inces- 
santly emanating  from  all  luminous  bodies.  These,  reach- 
ing the  eye,  affect  the  oplic  nerve,  and  produce  the  sen- 
sation which  we  call  light. 

According  to  this  tlieory,  there  is  a  striking  analt^y  between  the  eye  and 
the  ear;  the  vibrations,  or  undulations  of  the  ethereal  medium  bemg  supposed 
to  pass  along  the  space  intervening  between  tho  visible  object  and  the  eye,  in 
the  same  manner  as  the  undulations  of  the  air,  produced  by  a  soundkig  body, 
are  transmitted  W  the  ear. 

The  oorpuseular  theory  waa  sustained  by  Newton,  and  was  ibr  a  long  time 
generally  believed.  Since  the  commencement  of  the  present  century,  how- 
ever, it  has  been  gradually  losing  ground,  and  recent  experiments  inatitutod 
Uy  MM.  Poucault  and  Fizeau,  of  France,  conclusively  demonstrate  ila  incor- 
rectnesa.  It  is  now,  therefore,  entirely  discarded  by  all  the  leading  sdentifio 
anthoritios,  and  the  undulatory  theory  is  received  as  substanti^ly  correct — 
funco  it  affords  the  most  complete  explanation  of  the  facts  upon  which  tbo 
science  of  optics  is  based.  Tiio  languid,  however,  which  ia  generally  em- 
ployed in  describing  optical  piienomena  ia  for  the  most  part  framed  in  ac- 
cordance with  tiio  corpuscular  theory. 

184.  Sources  ot  Light.— Tho   great  natural  sources  of 

QoEgTIOsa.— Explain  tho  corpusoulir  theory  of  lighl,     Wiat  adali^j-  iloOH  thfa  theory 
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light  are  the   sun  and  the  heavenly  bodies.     All  bodies 
when  heated  to  a  Buffisient  degree  become  luminoiia. 

All  aoM  bodies  bc^  to  omit  light  in  tho  daytime  at  llio  same  Icmpcraturo, 
viz.,  9J7°  of  Fahrenlieit's  tliermomoter.  As  tLa  temperature  riscB,  Uio  bril- 
lianty  of  tbe  light  rapidlj  iucrcasoa,  so  that  at  a  tempDmture  of  2600°  it  ia 
almost  ibrtj  times  aa  intense  as  at  1900°.  Oasea  must  be  heated  to  a  much 
greater  extent  before  they  bi^n  to  emit  light 

185.  Electric  Light.— The  most  splendid  artificial  light 
known  is  developed  through  the  agency  of  electricity. 

Tlie  electric  liglit,  ao-called,  ia  produced  hj  filing  pieces  of  pointed  char- 
coal to  the  wires  connected,  with  opposite  poles  of  a  powerful  galvanic  bat- 
tery, and  bring^g  tliem  witliin  a  sliort  distance  of  each  other.  The  epaco 
between  the  polots  is  occupied  by  an  arch  of  flame  that  nearly  equals  in  daz- 
zlir^  brightness  tho  rays  of  tho  sun. 

186.  Phosphoregconoc . — Tho  terra  phosphorescence  is  appUed  to 
tliftt  property  which  varioaa  bodies  possess  of  emitting  a  feeble  light  at  ordi- 
nary, or  low  temperaturea. 

Phoaphorescenco  was  formerly  supposed  to  be  due  to  tho  presonco  of  phos- 
phorus {an  elementary  substance  which  emits  light  in  tho  dark).  Hence  tho 
origin  of  the  name.     Tlio  phenomenon  is  now  known  to  proceed  from  other 


A.  great  number  of  bodies  possess  tho  property  of  shining  in  the  dark  when 
they  have  been  provioiisly  exposed  to  the  light  of  tho  sun.  Oyster  sheila 
which  havo  been  ignil«d  and  cooled,  especially  exhibit  phosphorcsoonco. 
Among  other  substances  which  are  often  luminous  in  Iho  dark,  are  white 
paper  (especially  when  it  lias  been  heated  nearly  to  burning),  ogg-shells, 
corals,  bones,  ivoiy,  leather,  and  Uio  skins  of  men  and  animals.  Tho  oanso 
of  this  phenomenon  is,  probably,  that  the  bodies  by  being  exposed  to  ligiit^ 
absorb  a  portion  of  it  unaltered  into  their  substance  by  adhesion,  and  eubsc- 
qaently  give  it  oat  in  a  dark  place. — G^elin. 

The  phenomenon  of  phosphorescence  occurs  in  the  most  marked  d^reo 
ia  living  oi^:anlzcd  bodies.  The  glow-worms,  and  several  species  of  flies  and 
beetles,  have  the  power  of  emitting  from  their  bodies  a  beauUfiil  pale,  bluish 
white  light  The  great  tantern-fly  of  South  America  is  especially  brilliant — 
a  single  insect  affording  BufGcient  light  to  enable  a  person  lo  read.  Tho 
appearance  of  vast  luminous  tracts  in  the  sea,  at  night,  is  a  well-known  phe- 
nomenon. Tliia  was  formerly  ascribed  to  tho  motion  of  tho  waves,  to  elec- 
tricity, or  to  the  formation  of  gases  containing  phosphprua,  through  tho  pu- 
trofaction  of  marine  animals  ;  but  it  is  now  generally  believed  to  be  duo  to 
tho  presence  of  an  immense  number  of  phosphorescent  animalcula;. 

Qn^TigNs.-^Atirhat  temperature  dd  sulida  tKonie  InnilnouBf  JEov  l9  the  mi^Bt  splen- 
did Bi-UficLpl  llgUt  pruduced  T    "what  ia  phosphoreBcenco  ?    Under  what  circametan[]ea  do 
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Sea-fish,  in  general,  aoon  after  death  exhibit  a  Inminoua  appearance,  pa>^ 
ticululy  tbo  birriug  and  the  mackerel.  Tho  light  is  tiio^t  inleaao  beforo 
putre&cBon  coaimences,  and  gradually  disappears  as  decomposition  prooeeJa. 
In  order  to  obaorvo  the  plienooienon  more  distinctly,  the  fisli  should  be  gut- 
ted, and  tbe  roes  and  scales  removed.  By  pladng  sach  luminous  fish  also 
in  weak  saliae  solutions,  sueh  as  those  of  Epsom  salts  or  common  sail,  tho 
Eolutiooa  even  become  luminotis,  and  the  ajyearance  continues  for  some  days; 
it  is  particularly  noticeable  when  the  liquids  are  a^tated.  The  light  is  quickly 
extinguished  by  the  addition  of  pure  water,  of  hme  water,  and  by  acids  iu 

Tlie  decay  of  wood,  when  the  temperature  is  moderate  and  moisture  and 
a  small  quantity  of  air  are  present,  is  frequently  attended  with  an  evolution 
of  light  Wood  exhibiting  this  ^pearanoe  is  familiarly  known  as  "ligJU 
wood,"  and  is  of  a  wliite  appearance.  When  wood  decays  in  the  presence  of 
much  moisture  and  a  ikio  access  of  lur,  it  is  reduced  to  a  brown  pulverulent 
mass  wbioli  is  not  luminona.  Tlio  phosphorescence  of  wood  eeasea  when  tlio 
temperature  falls  as  low  as  42"  P.,  and  it  is  also  irrecoverably  destroyed  by 
the  action  of  boiling  water. 

The  cause  of  phosphorescence  is  not  fatly  understood ;  it  is,  however,  be- 
lieved to  be  tlie  result  ot  a  chemical  action  between  tlio  oxygen  of  tb'^  air, 
ur  wat<!r,  and  the  so-called  phosphorescent  matter.  This  matter  is  capable 
of  separation  from  the  living  animal,  and  is  characterlKed  by  a  remarkable  and 
disagreeable  odor. 

Light  is  also  developed,  under  certain  circumstances,  in 
the  uct  of  crystallization. 

If  the  process  of  crystallizmg  certain  substances  he  watched  in  a  darkened 
room,  tlio  separation  of  cacli  crystal  will  bo  observed  to  bo  accompauicd  with 
a  fuiut  fiosh  of  light. 

SECTION    II. 


187.  Propagation  of  light. — Light,  from  whatever  sourco 
it  may  be  derived,  moves  in  straight  lines,  or  rays,  so  long 
as  the  medium  traversed  is  uniform  in  density. 

By  a  medium,  wo  mean  the  space  or  substance  through  which  light  passes. 
In  taking  aim  with  a  gun  or  arrow,  we  proceed  upon  the  supposition  that 
light  movea  ia  Btra%ht  lines,  and  try  to  make  the  projectile  go  to  the  desired 
object  as  nearly  as  possible  by  the  path  along  which  the  light  comes  from  the 

la  llgtt  BTOr  OsTelgpcil  hj  lUj  mt  of  crj-atsllizatlon  t   In  *bal  manner  Is  Usftt  proi»Baledf 
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Thus,  in  Fig.  49,  the  line  A  B,  which  represents  the  hne  of  dgbt,  is  also 
the  direction  of  a  line  of  light  passing  in  a.  perfectly  straight  direction  Irom  the 
object  aimed  at  to  the  eyo  of  the  marksman. 


188.  BiiergeneB  odlght. — Raysof  lightproceedingfrora 
a  luminous  body  diverge,  or  spread  out  from  one  another 
in  every  direction, 

189.  taw  of  Bimiiintion  of  Light  by  Distanee.— When 
light  diverges  from  a  luininous  center,  its  intensity  dimin- 
ishes, not  according  to  the  distance,  but  as  the  s(]^uare  of 
the  distance.*^ 

Thus,  at  a  distance  of  two  feet,  the  iutcnaty  of  Ught  will  be  one  fourth  of 
what  it  is  at  oqO  foot ;  at  three  feut  the  intcnsitj  will  bo  one  ninth  of  what  it 
13  at  one  foot;  In  other  words,  the  amount  of  illumination  at  the  distance  of 
one  foot  tcora  a  ^ngle  candle  would  be  tlie  same  as  tiiat  from  four,  or  nine 
candles  at  a  distance  of  two,  or  three  feet,  the  numbers  four  and  nine  beiDg 
the  square  of  the  distances  two,  and  three,  from  the  center  of  illumination. 

190.  VEleclty  of  Llgiit.— Light  does  not  pass  instanta- 
neously through  space,  but  requires  for  its  passage  from 
one  point  to  another  a  certain  interval  of  time. 

The  velocity  of  light  is  at  the  rate  of  about  one  hun- 
dred and  ninety-two  thousand  miles  in  a  second  of  time. 

191.  AetiDn  of  Light  on  Matter. — When  light  falls  upon 
any  object,  it  may  be  disposed  of  in  three  ways  ;  1st,  it 
may  be  bent  back,  or  reflected  ;  2d,  it  may  bo  absorbed 
into  the  substance  of  the  body,  and  disappear  ;  or  3d,  it 
may  be  transmitted,  or  pass  t;lirough  the  body. 


ll^ht  riiminiBh  by  dlstiiDco  f 
Ushi  fkUlug  upon  the  Buifue 
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■When  the  portion  of  light  reflected  from  any  surface,  or 
point  of  a  surface,  to  the  eye  is  considerable,  such  surface, 
or  point,  appears  white  ;  when  very  little  is  reflected,  it 
appears  dark-colored  ;  but  when  all,  or  nearly  all  the  rays 
are  absorbed,  and  none  are  reflected  back  to  the  eye,  the 
surface  appears  black. 

192.  Transparcnl  and  Opaqne  Bodies, — Bodies  which 
allow  the  light  which  faUs  upon  their  surfaces  to  ])asa 
through  them,  are  said  to  be  transparent ;  while  those 
which  prevent  its  passage  are  said  to  bo  opaque. 

193.  Luminons  Bodies  are  those  which  shine  by  their 
own  light ;  such,  for  example,  as  the  sua,  the  flame  of  a 
candle,  metal  rendered  red  hot,  etc. 

All  bodies  not  in  themselves  luminous,  become  visible 
by  reflecting  the  rays  of  light, 

194.  Law  of  Reflection  of  Lighl,— The  law  which  gov- 
erns the  reflection  of  light  is  exceedingly  simple,  and  is 
the  same  as  that  which  governs  the  motion  of  an  clastic 
body  thrown  against  a  hard,  smooth  surface.  If  the  light 
falls  perpendicularly  upon  a  flat  surface,  it  is  turned  back, 
or  reflected  perpendicularly,  and  in  the  same  lines  ;  if  it 
falls  obliquely,  it  is  reflected  obliquely,  the  angle  of  in- 
cidence being  equal  to  the  angle  of  reflection. 

Thus,  in  Fig.  60,  lot  A  B  represent  Uio  direction  of  an  incident  ray  of  l^ht 
fWlling  on  a.  mirror,  F  C.  It  will  be  reflected  in  the  direction  BE.  If  wo 
draw  a  lice,  D  B,  porpendicular  to  the  suriJice  of  the  mirror,  at  the  point  of 
retlecHon,  B,  it  ivill  be  found  that  tbe  ^^^  ^q 

angle  of  incidence,  A  B  D,  is  precisely  ^ 

equal  lo  the  angle  of  reflection,  E  £  D, 
If  the  light  fells  perpendicularly  upon  tho  ^ 

sur&ce,  F  C,  as  in  the  du-ection  D  B,  it            ^^                           /^ 
will  be  reflected  in  the  same  hnc,  B  D ;                  \^             ^/^ 
or  in  other  words,  the  incident  and  ro-                       ^^      y^ 
fleeted  ray  will  coincide.  B' u^~ ^' 

The  same  law  holda  good  in  regard  to 
every  form  of  surface,  carved  as  well  aa  pkno,  since  a  eurvo  may  be  supposed 
to  be  formed  of  an  infliiite  number  of  little  pianos. 

QosTTONB.— When  is  a  boil7  ligh^colo^e^l.  «nd  when  darkf  Whal  «re  transparent 
dered  viriblc^ !    What  In  the  lji>  of  the  i-eOerHon  of  light  f 
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195.  Refraction.— When  a  ray  of  light  falls  perpen- 
dicularly upon  the  surface  of  an  uncryatalUzed  transparent 
enbstance  of  uniform  density,  it  continues  on  its  course 
unchanged  ;  but  if  it  falls  upon  the  surface  obliquely,  its 
direction  is  suddenly  changed  as  it  enters  the  transparent 
oliject,  or  hiedium  ;  it  then  passes  on  in  its  new  direction 
in  a  straight  line,  and  on  quitting  the  medium,  it  is  again 
abruptly  bent  back  to  its  original  course,  provided  the 
Burface  of  entrance  and  the  surface  of  exit  be  parallel  to 
each  other.  Such  a  change  in  the  course  of  a  ray  of  liglit 
i:i  termed  Refraction,. 

When  the  ray  of  liglit  passes  ftom  a  rarer  to  a  denser  medium  (as  from  air 
iuto  glass  or  water),  Uio  ray  is  bent  or  refracted  toward  a  line  pcrpondioiilar 
kj  (liat  point  of  tho  surface  on  wbieh  the  light  lalls;  when,  on  the  contrary, 
the  ray  paasca  from  a  dcnacr  to  a  rarer  medium,  the  ray  ia  bent  in  the  opposite) 
direction,  or  from  the  perpendicular, 

yjQ  ^l  ThiLi,  in  Fig.  Bl,  suppose  n  m  to  represent  the 

=  Eurfaco  of  water,  and  S  0  a  ray  of  hglit  striking 
I  upon  its  Buifaee.    When  the  ray  S  0  enters  the 
I  water,  it  will  no  longer  pursue  a  straight  com^, 
I  but  will  be  refracted,  or  bent  toward  the  pcrpen- 
I  dieular  line,  A  B,  m  tbe  direction  0  II.    The  denser 
vateror  other  fliud  muy  be,  the  more  tlie  ray 
I  S  0  H  will  be  refracted,  or  turned  toward  A  B. 
■n  tho  contrary,  a  ray  oflight,  H  O,  passes  from 
a  direction  after  leaving  the  water  will  be  further 
from  the  perpendicular  A  B,  in  the  direclooQ  0  S. 

A  stRught  stick,  partly  immersed  in  water,  appears  to  lie  broken  or  bent 

at  the  point  of  immersion.     Tliia  ia  owing  to  the  fact  that  the  rays  of  light 

proceeding  from  the  part  of  the  sUek  contained  m  Ihe  water  are  refracted,  or 

FiQ.  52.  caused  to  deviate  from  a  straight  line  aa  they  pass  from  tho 

tater  into  tho  air ;  eonaequently  that  portion  of  the  stick 

ramereed  in  tlie  water  will  appear  to  be  lifled  up,  or  to 

10  bent  in  such  a  manner  aa  to  form  an  angle  with  thi> 

part  out  of  tlie  water. 

The  bent  appearance  of  tho  slick  in  wator  is  represented 
in  Fig.  52.    For  tho  same  reason,  a  spoon  in  a  glass  of 
water,  or  an  oar  partially  immersed  in  water,  always  ap- 
9  pears  bent 

ri<iN8.~Wli«t  ia  unflerBtood  bj  Iho  refmctlon  of  light  •    When  will  a  rsr  □(  ligM 
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196.  Tarialions  of  Refractive  Power.— No  law  has  yet 
been  discovered  which  will  enable  us  to  judge  of  the  re- 
fractive power  of  bodies  from  their  other  qualities.  Ae  a 
general  rule,  dense  bodies  have  a  greater  refractive  power 
than  those  which  are  tare  ;  aod  the  refractive  power  of  any 
particular  substance  is  increased  or  diminished  in  the  same 
ratio  as  its  density  is  increased  or  diminished. 

Refractive  power  seems  to  be  tlie  only  property,  except  weight,  which  is 
nnaltered  by  chemical  combination ;  so  that  by  knowing  the  refractiyo  power 
of  the  it^redients,  wo  can  caJoulate  that  of  the  compound. 

All  highly  inSamraablo  bodies,  such  aa  oils,  hydrogen,  tbo  dianioad,  pbos- 
plioraa,  sulpliur,  amber,  camphor,  etc,  have  a  refractive  power  from  ten  to 
Ejven  timea  gi'eater  tlian  thai  of  incombustible  substaooes  of  equal  density. 

Of  all  trani^parenC  tiodios  the  diamond  possesses  the  greatest  refractive  or 
liglit-beading  power,  altlioiigh  it  is  exceeded  by  a  few  deeply-colored,  almost 
opaque  muiGrals.  It  is  in  part  to  this  property  that  the  diajnond  owes  its 
bnlliaccy  as  a  jewel. 

Many  years  before  the  combualibility  of  the  diamond  was  proved  by  ex- 
psrimont.  Sir  Isaac  NewCou  predicted,  from  Che  circumstance  of  its  high  re- 
fractive power,  that  it  would  ultimately  be  found  to  be  inflammable. 

The  determination  of  the  refracting  power  of  a  body  ia  often  a  valuable 
guido  in  estimating'  its  chemical  purity.  The  adulteration  of  easenlial  oils 
may  in  this  way  be  often  detected  with  ease,  when  it  would  be  otherwise 
difficult  to  ascertain  it  Thug  genuine  oil  of  cloves  has  a  reftactivo  power 
cxprcs^oil  by  the  numbers  1,535,  while  that  of  an  impure  and  adulterated 
epeeiinen  was  not  more  than  1,498. 

197.  Double  Refraclion  is  a  property  which   certain 

transparent  substances  possess,  of  causing  a  ray  of  light  in 
]>assing  through  them  to  undei^  two  refractions ;  that 
ia,  the  single  ray  of  light  is  divided  into  two  separate  rays. 
A  very  common  mineral  called   "  Icchind  apar,"  pj^,^  ^^_ 

whicti  is  a  crystallized  form  of  carbonat*  of  lime,  is  

a  romarltablo  example  of  a  body  possessing  double  / ^\a 

refracting  properties.     It  is  usually  transparent  and 

colorless,  and  its  crystals,  as  shown  m  Fig.  53,  have 

t!ie  geometrical  form  of  a  rhomb,  or  rhomboid ; — this 

t^rm  beiug  applied  to  a  solid  hounded  by  parallel    "XT    /      "^"V  / 

faces,  inclined  ta  each  other  at  an  angle  of  105°.  
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3r  In  -whioli  a  crystal  of  Iceland  spar  divides  a  ray  of  light  into 
two  separate  portions  is  clearly  shown  in  Fig.  54;  in 
which  S  T  reprcscnta  a  my  of  light,  felling  upon  a  sur- 
fiica  of  a  crystal  of  Iceland  apar,  A  D  E  C,  in  a  perpen- 
dicular direction.  Instead  of  passing  through  wiOiout  any 
refraction,  aa  it  would  in  case  it  had  fellcn  perpendicu- 
larly upon  tiie  surface  of  glasa,  the  ray  is  divided  into 
two  separate  rays,  the  one,  T  0,  being  in  the  direeUon  of 
tlie  original  ray,  and  the  other,  T  %  being  bent  or  re- 
fracted. The  first  of  these  raj's,  or  tlie  one  which  follov.  s 
the  ordinary  law  of  refraction,  ia  called  the  "ordinary" 
ray ;  the  second,  which  follows  a  different  law,  is  called 
the  "  estraordinary"  ray. 

dof,  a  letter,  or  a  line,  through  a  plate  of  glass 
it  appears  single ;  but  if  a  double  re- 
fracting substance,  as  a  plate  of  Ice- 
land spar,  be  substituted,  a  iloubla 
image  will  be  perceived,  as  two  dots, 
two  lettcre.  two  lines,  etc.  This  re- 
sult of  double  refraction  is  represecfed 
in  Fig.  56. 

The  phenomenon  of  double  refrac- 
tion is  due  entirely  to  lie  peculiar 
molecular  structure  of  the  medium  through  wliioh  the  light  passes.  This  is 
proved  by  taking  a  cube  of  regularly  annealed  glass,  which  produces  but  one 
retracted  ray,  and  heating  it  unequally,  or  subjecting  it  to  pressure:  aohaage 
is  thereby  effected  in  the  arrangement  of  its  parts,  and  doable  retraction  takes 

The  diamond  may  be  distinguished  from  all  other  precious  stones,  with  a 
idngle  exception  (the  garnet),  by  having  only  a  single  refraction,  the  others 
posses^ng  double  refraction,  or  giving  a  double  image  of  a  taper  or  small 
light  viewed  through  their  faces.  By  the  same  means  all  precious  stones,  ex- 
cept diamond  and  garnet,  may  be  distinguished  from  artificial  onea,  by  the 
fbrmor  having  double  refraction,  and  tlie  latter  only  single  refraction, 

198.  Polarization.— Light  which  has  been  refracted  from 
certain  surfaces,  or  transmitted  through  certain  substances, 
nnder  certain  special  conditions,  assumes  new  properties, 
and  is  no  longer  reflected,  refracted,  or  transmitted  h3 
before.  This  change  in  the  action  of  light  is  called  Po- 
larization, and  a  ray  thus  modified  is  said  to  be  polarized. 

A  ray  of  light  which  by  any  method  haa  become  polaiizcd,  scema  to  have 
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(icquired  a  property  or  posseasing  sides.  If  tho  original  raj  be  supposed,  lo  lie 
ft  cjliiidiloal  rod,  polialied  or  wLito  all  round,  whitli  is  capable  of  being  re- 
flected from  a  poliahed  suriice  wliatever  pai-t  of  its  ciromiilference  maj  slrika 
Uiat  surfiice,  tlie  polarized  ray  may  be  eompared  to  a  aquare-sliaped  rod  with 
four  flat  sides,  two  of  which  (opposita),  bright  and  polished,  are  capable  of  re- 
flection, while  two,  black  or  dull,  are  not.  Now,  the  word  "  poles,''  in  piiysi- 
cal  science,  is  often  used  to  denote  the  ends  or  sides  of  any  body  which  have 
acquired  contrary  properties,  aa  tho  opposite  ends  of  a  magnet,  whieh  are 
called  the  positive  and  negative  poles.  By  analogy,  the  ray  of  ligLt  wboso 
sides,  dtuated  at  right  angles  with  each  other,  were  found  to  be  endowed 
v/ith  opposite  physical  properties,  was  Siud  to  be  polarized.  Tlie  term  is  un- 
liirtuiiate,  but  is  loo  firmly  engrafted  upon  science  to  be  changed. 

Tiie  explauation  of  t!ie  change  occasioned  by  polarization  of  light  may  bo 
briefly  atattd  as  follows : — According  to  the  undulotory  theory,  common  light 
is  assumed  to  he  produced  by  vibrations  of  die  ethereal  particles  in  two  pknes 
at  iight  angles  tj)  the  piogross  of  the  wave;  there  are  perpendicular  vibra- 
tions, and  there  are  hoiizontal  vibrations.  Polarized  light,  on  Iho  contrary, 
la  light  occamoned  by  vibrations  taking  place  in  only  one  plane — the  effect  of 
whalever  produces  polarization  being  to  suppress  all  tho  vibrations  which 
take  place  in  one  plane  at  right  angles  to  the  otter.  Hence  the  difTorcnt 
properties  possessed  by  opposite  sides  or  poles  of  the  ray. 

Common  light  is  converted  into  polarized  %lit,  lor  all  practical  purposes 
and  for  experiment,  in  three  ways — 

First, — When  it  is  reflected  from  glass  at  an  angle  of  incidence  of  Cfty-an 
degrees,  tbrty-five  minutes  from  tho  perpendicular.  ^  It  is  also  polarized  by 
reflection  from  almost  any  bright  non-metallic  surface,  hut  the  masrimum  po- 
larizing angle  for  each  different  surface  is  peouliur  to  itself.  When  the  re- 
flection from  glass  takes  place  at  the  exact  angle  of  5G°  45',  all  the  Ugbt  is 
polarized,  but  when  the  angle  of  reflection  deviates  irom  this  amount,  some 
of  the  reflected  light  will  remain  unchanged,  the  quantity  mipolarized  lieuig 
in  proportion  to  the  deviation. 

Secondly, — Light  may  be  p<darized  by  transmission  through  a  handle  con- 
sistii^  of  from  sixteen  to  eighteen  plates  of  thm  gla.'s  or  mica. 

Tliirdly, — Light  Is  polarized  by  passing  through  certain  transparent  crys- 
tals, especially  those  which  possess  the  property  of  double  refraction. 

199.  Peculiarilies   of   Polarized   Light If  a  ray  of  light 

which  has  been  polarized  by  reflection  from  a  glass  plate  is  caused  to  fell 
upon  a  second  plate,  it  is  not  reflected  as  common  light  would  be.  If  the 
plane  of  the  second  reflecting  surfece  is  so  inel'ned  lo  the  first,  that  llio 
ray  falls  at  an  anglft  of  56°,  the  ray  is  not  reflected  at  all,  but  vanishes;  if, 
on  the  contrary,  the  plane  of  the  second  reflecting  surface  is  parallel  to  tho 
first,  it  is  entu^ly  reflected.     It  is  also  a  peculiar  property  of  polarized  light, 

QuEBTinKB.— In  wtist  Ihrte  wn7»  may  Ifght  be  pnhrirpd  J    Whit  ppeiillarltiaB  nro  manl- 
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that  it  n'iU  not  pMs  through  coJijiia  substanCM  which  ; 
luoa  light.  This  is  shown  in  a  remarkable  laanner  by  a  mineral  substance 
called  tourmaline,  tlie  internal  Htmctare  of  which  ia  such,  thut  a  ray  of  com- 
mon hght  which  haa  passed  Uirough  a  thin  plate  of  it,  and  thereby  tocomo 
polarized,  can  not  pas9  through  a  second  similar  plate,  if  it  is  placed  at  right 
angles  to  the  first. 

For  example,  in  Fig.  B6,  if  a  ray  of  light  be  caused  to  pass  through  a  thin 
p      -g  plate  of  tourmaline,  aa  c  rf,  in  the  direction 

of  the  line  a  b,  and  be  received  upon  a  sec- 
ond plate,  e  /  placed  symmetrically  with  tho 
firsts  it  p^isaoa  through  both  without  d!fll- 
oulty ;  but  if  the  second  plate  be  turned  a 
quuner  round,  as  in  the  direction  g  A,  the 
light  ia  tOtaUy  out  off. 

200.  Discovery  of  PolarUod  Light — The  phenomenon  of 
polarized  liglit  waa  discovered  in  1 80S,  by  Mains,  a  young  engineer  officer  of 
Paris.  On  one  occasion,  aa  ho  was  viewing  through  a  double  refracting  prism 
of  Iceland  apar  Ihe  light  of  Ihe  sun  reflected  from  a  glass  window  in  one  of 
tlio  French  palacea,  he  observed  some  very  peculiar  effects.  Tho  window  ac- 
cidentally stood  open  like  a  door  on  its  hinges,  at  an  angle  of  5G°  and  Malos 
r  oljoed  that  the  light  reflected  at  this  angle  was  endowed  with  properties 
which  distinguish  it  from  ordinary  li^it. 

201.  Practical  IpplicatiangofPolarizcd  Light  .—The 
prindples  of  polarized  light  have  been  applied  to  tJie  determination  of  many 
practical  results.  Thus,  it  has  been  found  that  all  reflected  %iit,  come  IVom 
whence  it  may,  acquires  certain  propertiea  which  enable  ua  to  distinguish  it 
from  direct  light ;  and  tho  astronomer,  in  this  way,  is  enabled  to  determine 
with  infallible  preiasioD  whether  the  light  he  is  gazing  on  (and  which  may 
hive  required  hundreds  of  yeora  to  pasa  from  its  source  to  tlio  eye),  is  inhe- 
rent in  the  luminous  body  itself  or  is  derived  t^m  some  other  aouroe  by  re- 
flection. 

It  has  beonalso  ascertained  by  Arago  tliat  light  proceeding  from  incandes- 
cent bodies,  aa  red  hot  iron,  glass,  and  liquids,  under  a  certain  angle,  h  po- 
larized light ;  hut  ttiat  light  proceeding,  under  the  same  circumatancca,  tlr>m 
an  iuQamsd  gaseous  substance,  such  as  is  imed  in  street  iDuminatlon,  is  always 
in  a  natural  state,  or  unpolarized.  Applying  these  prindples  to  the  sun,  ho 
discovered  that  tho  liglitgiving  substance  of  this  luminM'y  was  of  the  nature 
of  a  gaa,  and  not  a  red  hot  solid  or  liquid  body. 

When  we  tranamit  light,  whether  cammtia  or  polarized,  through  a  piece  of 
well  annealed  glass,  it  sutfera  no  change,  and  we  see  no  structure  in  tho  glass 
different  rioni  what  we  would  see  if  we  looked  through  pure  water.     But  if 

light  diacoyered  f  What  are  eome  of  Ihe  practical  sppllcaticna  of  piplarizcd  l^ht  f  Wlial 
ii  Iho  diff.irence  belwean  l^ht  emitted  from  liioanileacnnt  BoUde  and  inflamed  gMeal 
Vnat  laferonOB  h»  Ara~o  made  respecting  the  conslitiitloii  of  the  siin !  Wliat  Informal 
Hon  does  polnriied  light  impurt  respecting  the  sttmrtore  of  bodtes  t 
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we  miiko  heat  pass  tlirongh  the  glass,  by  plaoinj  tlie  edgo  of  tho  plate  npon 
a  heaiod  iron,  or  if  wo  either  bond  or  compresa  tlio  glass  by  mechanical  force, 
ila  Btruoture,  or  the  raochanical  oonditicin  ot  ita  particles,  will  be  changed.  If 
we  now  tranamit  common  ligUt  throi^h  the  glass  thus  uhanged,  the  change 
will  not  be  Tisiblo  ;  but  if  we  tranamit  polarized  light  through  it,  and  nllow 
that  l^ht  to  bo  reflected  from  a  transparent  body  nt  an  angle  of  about  66' 
and  m  a  plana  at  right  angh«  to  that  in  which  the  common  light  was  reflected 
and  pohirized,  the  observer,  looking  throi^i  the  glaaa,  wiC  see  the  moat  bril- 
llaat  colors,  indicating  the  effects  of  tho  compressing  or  dilating  forces,  or  of 
tlie  coDtraeting  or  expanding  cause — tho  degree  of  compression  or  dilatation, 
of  expansion  or  contraction,  being  indicated  by  Ihe  colors  displayed  at  par- 
lieular  parts  of  the  glaas.  In  this  way  polaiiaed  light  enables  us  to  diaoover 
that  eert^n  portions  of  a  body  have  been  subjeetod  to  certain  meohanical  tbrcia, 
the  nature  of  wliich  must  be  sought  for  in  the  circumstances  under  which  tlie 
body  lias  been  originaUy  formed,  or  in  which  it  haa  Ijeen  subsequently  plated. 
On  this  principle,  many  bodies  which  are  quite  transparent  to  the  ej  e,  and 
wliioh  upon  examination  appear  to  bo  perfectly  uniform,  or  humogcnoug  m 
BtniL'ture,  oxhibii,  under  polarized  light,  tlie  most  exquisite  oi^amzation.* 
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In  a  similar  manner  the  chemist  ia  able  Iq  dotenninp,  by  tho  manner  in 
which  light  is  reflected  or  polarized  by  a  eryatallized  body,  whetlier  it  liaa 
been  adulterated  by  the  addition  of  foreign  substaneea.  Pularizcd  light,  aleo, 
in  certain  cases,  nObnis  the  beat  means  of  arriving  at  a  knowledge  of  Ihe  va- 
rieticB  and  proportion  of  augar  in  Cio  juices  of  plants,  and  in  complex  sac- 
charine  liquids. 

202.  Blagactizalion  of  Light. — Recent  experiments  made  by 
Profesaor  Faraday  liave  proved  that  magnetism  liaa  the  power  of  influencing 
a  ray  of  light  in  its  pasa;ig9  through  transparent  bodies.  This  fact  ia  ahonn 
by  tho  foUjwing  eiperiment ; — A  ray  of  pohirized  light  is  passed  through  a, 
piece  of  glass,  or  a  crystal,  or  along;  the  length  of  a  tube  Qlled  ivith  some  trans- 
parent fluid,  and  tlie  lino  of  its  path  carefully  observed ;  it;  when  thia  is  done, 
tho  aolid  or  fluid  body  is  branght  under  powerful  magnetic  influence,  such  as 
may  be  called  info  action  by  tho  circulation  of  an  electiic  current  around  a 
bar  of  soft  jron,  it  will  be  found  that  the  polarized  hght  ia  disturbed,  and  that 
it  doea  not  continue  to  pass  through  the  medium  along  the  same  line.  "  As 
tliis  effect  is  most  strikia^y  shown  in  bodies  of  tho  greatest  density  and  di- 
minishes in  fluids,  tJie  particles  of  which  are  easiiy  movable  upon  oach  other, 
and  has  not  as  yet  been  observed  iu  any  gaseous  medium,  tlie  question  has 
iirisen,  doea  magnetism  act  directly  upon  tlie  ray  of  light,  or  only  indirectly, 
by  producing  a  molecular  change  in  tho  body  through  which  the  ray  ia  paFS- 
ingT  In  tho  present  state  of  science  no  satiafactory  reply  can  bo  given." — 
HoBEBT  Hunt. 

203.  Decoinposition  of  Light^-Whon  a  beam  of  light,  8  A, 
'Fig.  S7,  from  the  sun  is  admitted  into  a  dark  room,  by  a  small  aperture  in  tlia 

window-shutter,  and  is  intercepted  in  its  passage  by  a  wedge,  or  solid  angle 
of  glass  called  a  prism,  it  is  refracted,  or  bent  from  its  com^o  as  it  enters, 
and  again  as  it  issues  from  tho  glass.  In  place  of  forming  a  drcular  spot  of 
■white  liglit  on  the  floor  of  the  apartment,  as  it  would  have  done  if  allowed  to 
proceed  in  its  original  direction,  S  K,  it  illuminates  with  several  colors  an 
oblong  apace,  H,  on  the  opposite  wall,  or  on  a  while  screen  properly  placed 
to  receive  it.  This  ol)long  colored  imago  is  called  the  prismatic,  or  solar 
epeetrum. 

!Ncwton,  who  first  carefiilly  investigated  thia  remarkable  fact,  distinguialied 
seven  different  colors,  which  gradually  shade  off  one  into  the  other  in  tho 
following  order,  commencing  at  the  upper  part  of  tlie  spectrum,  viz,,  violet, 
indigo,  blue,  green,  yellow,  orange,  and  red. 

White  light  may,  therefore,  be  regarded  as  the  resuli 
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of  a  mixture  of  rays  of  different  colors,  which  arc  uneq^ually 
acted  upon  by  the  prism — each  color  possessing  its  own 
peculiar  refraogibility, 

Thus  the  red  roya,  whicli  are  the  least  refracted,  or  the  least  turned  ftota 
Ihcir  coursa  by  the  prism,  always  occur  at  the  hotlom  of  the  epectJTim,  while 
the  violet,  which  ia  the  most  refracted,  occurs  at  the  top;  the  romaiuing  colors 
bciug  arrarged  in  tho  iu termed iale  space  ia  the  order  of  their  refraugibility. 

PlO.  67. 


The  seven  different  rays  of  light  when  once  separated  and  refroctsd  by  a 
priani.  are  not  cap  jhle  ol  being  analysed  by  refraction  again ;  b1it  if  by  means 
of  a  eouves  lens  tliey  are  collected  together  and  conver^d  to  a  focus,  they 
will  fonu  wliito  light 

204.  Lines  in  the  Solar  Spectrum . — When  the  eolar  spec- 
trum is  formed  in  tho  usual  manner  upon  a  white  screen,  it  appears  like  a 
conOnuous  band  of  colored  light.  By  tilting  eertain  precantions,  however,  it 
may  be  seen  that  lliis  Inminona  band  is  traversed  in  the  direcMon  of  ils 
breadth  by  numerous  dark  hnes,  varymg  in  different  parts  ui  width  and  dis- 
tinctness ;  or,  in  other  words,  there  are  interruptions  in  the  speolrum  where 
there  is  no  hght  of  any  color.  These  lines  are  independent  of  the  refracting 
medium,  and  always  occur  in  tho  same  color  and  at  correspoadii^  points  of 
the  spectrum. 

The  position  of  these  dark  spaces  varies,  however,  with  the  source  of  light 
With  a  few  exceptions,  each  of  the  fixed  stars  has  a  system  of  lines  peculiar 
The  light  proeeedii^  Horn  the  Used  stars  Sirius  and  Castor  agree  vety 
in  this  respect,  but  differ  from  the  light  of  the  sun.  The  spectrum, 
er,  whicli  is  formed  from  the  hght  proceeding  ftom  the  fixed  star  Pol- 
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luK  ia  tbe  aama  aa  that  of  the  sun.  Every  artificial  ligiit,  also,  shows  some 
peculiarity  ia  this  respect. 

Recent  discoveries  hiive  given  to  tlioge  phenomena  an  entirely  cliemica! 
character.  It  has  been  found  that  the  white  light  of  ordinary  flames  requires 
merely  to  be  sent  through  a  certain  gaseous  medium  (such  as  nitrous  acid 
vapor)  to  acquire  raoro  than  a  thousand  dark  lines  in  its  spectrum ;  and  it 
has  hence  been  inferred,  that  it  is  the  presence  of  certain  gases  in  the  at- 
mospliero  of  the  sun  and  of  the  fixed  stars,  which  occasion  the  observed  de- 
ficiencies in  the  spectra  formed  from  their  light.  In  this  way  points  of  ro- 
semblancB  and  difierence  may  bo  traced  between  the  constitution  of  our  sun 
and  the  anus  of  other  systems. 

In  Fig.  68,  So.  1  shows  the  principal  dark  hnesof  the  pure  solar  spectrum ; 
Na  2,  tho  alteration  occasioned  by  passing  solar  light  through  tho  vapor  of 
bromine ;  while  No.  3  represents  the  very  different  result  oflfected  by  the 
pero:^Tl  of  nitrogen. 


205.  Caloritit  and  rhemifil  Eleinenls  of  Solar  light.— 
Solar  light,  in  addition  to  the  luminous  prineijile  which 
produces  the  phenomena  of  color  and  is  the  cause  of 
vision,  contains  two  other  principles,  viz.,  heat  and  actin- 
ism, or.the  chemical  principle.  Those  principles  are  in- 
visible to  the  eye,  and  have  only  been  discovered  by  their 
effects  on  other  bodies. 

The  constitution  of  tlie  solar  ray  may  be  compared  to  a  bundle  of  three 
sticks,  one  of  which  represents  heat,  another  light,  and  a  third  the  actinic 
principle. 

"We  know  that  these  three  principles  exist  in  evciy  ray  of  solar  light,  be- 
cause we  arc  able  to  separate  tlicm  in  a  great  degree  from  each  other.  Tliu^ 
when  we  decompose  a  ray  of  solar  light  by  means  of  a  prism,  and  throw  the 
spectrum  npon  a  screen,  the  luminous,  tho  calorific,  and  the  chemical  or  ac- 
tinic radiations,  will  each  he  refracted,  or  bent  out  of  their  course  in  difierenj 

QoranoBB.— what  aiswuerlf  s  hnve  given  to  lhe«e  llnei  a  chemical  charMler  f  Whal 
IlireB  principles  are  Includfld  Id  BoUr  IL^t  ?  How  do  WG  know  of  the  eidfit^nn  of  theH 
principles !  How  are  Ibej  affected  by  the  prlau  t 
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degreBS,  and  will  consDqnentlf  assume  different  positions  upon  tlie  screen. 
In  otber  words,  tho  light  of  tlie  sun  refracted  hy  the  prism  produces  in  reality 
three  Epeotraj  one  visible  and  two  invisible. 

The  calorific,  or  lieat  radiations,  will  be  refracted  leasl,  and  their  masiinum 
point  will  be  found  but  slightly  thrown  out  of  the  r^lit  line  which  the  solar 
ray  would  liavo  traversed  had  it  not  been  intercepted  by  the  prism.  Tho 
heat  dimmishes  wiUi  much  regularity  on  eacii  side  of  this  line. 

The  lominous  radiations  are  subject  to  a  greater  degree  of  refraction ;  Uioir 
point  of  iQaximum  intensity  being  in  the  yellow  ray,  lying  considerably  aboro 
the  point  rf  greatest  heat  The  light  diniiaiahea  on  each  ade  of  it,  produranj 
orange,  rod,  and  crunsoa  colors  below  the  majdmuni  point,  and  green,  blui^ 
and  violet  above  it 

The  radiations  which  produce  chemical  action  are  more  refrangible  Uian 
cither  the  calorific  or  luminous  rajliations,  and  the  maximum  of  cliemical 
power  is  found  at  ttiat  point  of  the  spectrum  where  light  is  feeble,  and  where 
scarcely  any  heat  can  be  detected. 

The  positions  in  the  spectrum  of  tho  heat  and  actinic  radiations,  which  are 
invisible  to  the  eye,  may  bo  found  by  experiment,  TIius,  if  we  place  a  deli- 
cate Hiermometcr  in  the  different  rays  of  the  spectrum  (§  203,  Fig.  B7),  it 
will  be  found  that  the  indigo  and  violet  rays  scarcely  affect  it  at  all,  while 
tho  yellow  ray,  which  is  tho  njost  luminous,  is  inferior  in  heating  action  to 
the  red  ray,  which,  yielding  bat  little  light,  posseases  the  greatest  amount 
ofheat.  If  now  the  thermomet*ir  be  carried  a  little  below  and  just  out  of 
the  red  ray,  into  the  darkened  space,  it  will  exhibit  the  greatest  increase  in 
temperature,  thus  proving  the  presence  of  a  heatmg  ray  in  solar  light  inde- 
pendent of  the  luminous  ray.  In  a  like  manner,  by  sabstituting  a  chemieally 
prepared  aur&os,  as  a  piece  of  photographic  paper,  for  the  lliermomekr,  the 
presence  of  a  clicmical  ray  can  bo  proved  in  Oio  darkened  space  at  the  other 
end  of  tho  spectrum,  and  near  to  tin  blue  and  violet  rays. 

2D6.  Aoalyais  of  Heat. — The  heat  emanating  from  the  sun  or  fi^^m 
a  bright  fiame,  consists  of  rays  which  differ  from  each  other  as  much  as  the 
red,  yellow,  and  lilue  rays  do  which  constitute  white  lighi  Heat  radiated 
trom  ft  body  having  a  lower  temperature  than  800°  P.,  is  much  less  refrang- 
ible than  rod  light ;  but  if  the  t«mperature  of  the  radiatmg  body  bo  increased, 
it  emits,  in  addition  to  tho  rays  previously  emitted,  others  of  a  higher  refrang- 
&iKty,  until  at  last  some  few  of  its  rays  become  as  refrangible  as  tlie  least 
B  of  light.  Tlie  body  then  appears  of  tJie  same  color  as  the 
e  rays  of  light,  and  is  said  to  be  red  hot.  If  it  be  heated  more, 
it  emits,  in  addition  to  the  red,  Blill  mora  refrangibla  rays,  viz.,  orange  ;  then 
(at  a  h^her  temperature)  yellow  raj's  are  added,  and  so  Jjn,  until  when  the 
body  Is  tehile  hot,  it  emits  all  the  colors  visible  to  us ;  and  in  some  instances 
(of  very  intense  heat),  even  the  inviBible  ohemictd  rays,  more  refrangible  than 
the  violet,  arc  emitted,  though  in  less  quantity  than  in  the  solar  rays. 

Qdesttohb — Ib  heat  emantttiiiK  from  vtrious  sourcefl  uniform  ia  eliiracler  1    How  dt 
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Thus  light,  in  one  sense,  appears  to  bo  nothing  mom  than  viable  hcn^ 
Bad  heat  inviMble  light — the  constitution  of  the  eye  being  sueh  that  it  can 
perceive  one  a.id  not  the  other,  iu  the  same  way  ae  the  ear  can  apprceiato 
Tibralions  of  aounii  more  rajiid  than  Bisteen  per  seconcl,  liui  not  those  which 
ore  leaa  rapid, 

A  ierios  of  interesting  experimenta  made  some  years  since  by  Melloni, 
show  vorj  concluavely  that  heat  emanating  fixim  different  sources  differs  in 
it!  nature,  in  the  same  manner  as  tlie  light  of  a  red  body  differs  from  tliat 
of  a  blue.  He  employed  four  sources  of  calorie,  two  of  which  were  lumin- 
ous and  two  non-IumioouB,  or  obscure ;  namely,  an  oil-lamp  without  a  glass, 
incandescent  platinum,  copper  heated  to  GOG"  P.,  and  a  copper  vessel  fliled 
with  water  at  a  temperature  of  178°  F.  Rock-salt  transmitted  heat  in.  the 
proportion  of  92  rays  out  of  every  100  from  eaeli  of  thesd  sources ;  but  every 
other  sulistance  pervitfus  to  radiant  heat,  whether  solid  or  liquid,  transmitted 
mora  caloric  from  sources  of  high  temperature  than  thim  such  as  were  low. 
For  instance,  a  clear  and  limpid  mineral,  tlie  fluate  of  lime,  transmitted  in 
the  proportion  of  JS  rays  out  of  100  from  the  lamp,  G9  from  tho  platinum, 
42  from  the  copper,  and  33  from  the  hot  wat^r ;  while  transparent  rock  crys- 
tal transmitted  38  rays  m  100  from  ttic  lamp,  28  from  the  platinum,  6  from 
the  copper,  and  9  from  the  hot  water.  Pure  ice  transmitted  only  in  the 
proportion  of  6  rays  in  the  100  irom  the  lamp,  and  ontirel/  excluded  those 
from  other  sources. 

The  discovery  of  the  fact  that  heat  proceeding  from  the  sun  or  any  other 
luminous  boly  is  aasceptible  of  division  into  rays,  differing  in  nature  and  in 
rjfi  aagibility,  has  furnished  an' explanation  of  many  curious  phenomena. 
Heat  ftoJl  vary  intense  sources  is  more  refrangible  and  passes  more  readily 
through  most  substances  than  heat  of  low  mtensity.  Thus,  the  hoat  of  tlio 
sua  passes  readily  throng  glass,  but  the  beat  of  a  Sre  is  almost  entirely 
obstructed.  Advant^?e  has  been  talcen  of  this  &ct  by  those  who  have  oc- 
casion to  inspect  the  progress  of  operations  carried  oniu  fhrtiacca;  sinco  thry 
are  able,  by  the  use  of  a  glass  screen,  to  protect  the  Eioa  from  the  scorching 
raya  which  the  glass  absorbs,  although  it  offers  no  impediment  to  the  trans- 
mlBson  of  light 

It  ia  a  well-known  fact  that  snow  which  lies  near  the  trunks  of  trees  or 
other  like  substances,  is  melted  much  more  rapidly  than  that  exposed  to  tho 
action  of  tho  direct  rays  of  the  sun.  Tlio  reason  of  this  is,  that  tho  heat  of 
the  sun,  heing  heat  of  high  iiitensity  and  high  refrau^biht}',  passes  through 
the  snow  without  experiendng  a  great  degree  of  absorption  ;  but  solar  heat, 
which  first  Mis  upon  the  tree  and  is  then  radiated  upon  the  snow,  is  thereby 
eha"g.;d  into  heat  of  low  refran^bilily,  and  is  readily  absorbed  instead  of 
b^iing  transmitted. 

a07.  Action   of  the    Chemical   E  ays.— Tho  chemical  principle 

QUISIIOHS.— DtKribn  the  cspprimcntH  of  JliHonl.  Wliat  resuIlBllavc  foLldwed  Ifie  dls- 
COTBry  of  the  analy^  of  heat  ?    'Why  wilL  glass  tranamil  heat  from  thceun,  and  nol  from 

ioal  principle  of  ligiitf 
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oflight  is,  without  doubt,  like  the  calorific  ptineiple,  composed  of  mys  of  dif- 
ferent chnracter,  and.  of  difTerenl  refrangibility.  Recent  experiments  of  Pro- 
ressor  Stoliea  of  Englaud,  aoera  to  show  that  when  the  inviaibie  rays  which 
occupy  in  the  Bpcclrura  a  position  beyond  the  violet,  are  caused  to  pass 
through  a  solution  of  quinine,  they  are  changed  in  refrar^bility,  and  become 
visible— appearing  aa  a  sky-bine  light  at  a  point  far  beyond  the  usual  la- 
nuDOua  limit  of  the  spectrum.  TTiia  phenomenon  has  been  termed  the 
"degradation  oflight." 

The  study  of  the  chemical  principle  contained  in  the  rays  of  solar  light  bas 
rsndercd  probable  the  curious  fiicl,  Ihat  no  substance  can  be  exposed  to  the 
Kun'a  rays  without  undergoing  a  chemical  change ;  and  from  numerous  ex- 
amples it  would  seam  that  the  ohanffea  in  the  molecular  condition  of  bodies 
which  sunlight  effects  during  the  daytime,  is  mads  up  during  the  honrs  of 
night,  when  the  aclion  is  no  longer  mfluoBcing  them.  Thus  darkness  ap- 
pears to  be  essential  to  the  htalthy  condition  of  all  oi^anized  and  unorgan- 
ized forms  of  matter. 

The  process  of  forming  Daguerreotype  and  other  photo- 
graphic pictures,  depends  solely  upon  the  actinic,  or 
chemical  influence  of  the  solar  ray. 

The  terra  "photography,"  s^iiyii^  light  drawing,  which  is  the  general 
name  given  to  this  art,  ia  unfortunate  and  ill-cliosen,  for  not  only  does  Jight 
not  exerdsc  any  mfluenoe  in  producing  the  pictures,  but  it  tends  to  destroy 

That  the  luminous  principle  ia  not  net^saary  for  the  success  of  tho  photO; 
graphic  process,  may  bo  proved  by  tlie  experiment  of  taking  a  daguerreotype 
in  absolute  darkness.  This  can  be  accomplished  in  the  following  manner : — 
A  lai^o  prismatic  spectrum  is  thrown  upon  a  Jens  fltt«d  into  one  side  of  a 
dark  chamber ;  ajid  as  the  actinic  power  resides  in  great  activity  at  a  point 
beyond  tlie  violet  ray,  where  there  is  no  light,  the  only  rays  allowed  to  pass 
the  lens  into  the  chamber  are  those  beyond  the  limit  of  coloration,  and  non- 
luminous;  these  are  directed  upon  any  object,  and  from  that  object  radiated 
upon  a  highly  sensitive  photographic  surface.  In  this  way  a  picture  may  be 
formed  by  radiations  which  produce  no  effect  upon  tho  eye. 

it  has  also  been  ibund  that  the  yeUow,  the  orange,  and  the  red  rays  of 
light  possess  tlio  power  of  retarding  by  their  presence  all  chemical  or  pho- 
togenic action,  in  proportion  to  (heir  predominance ;  and  if  unaccompanied  by 
other  light,  they  arrest  tho  effecia  of  the  chemical  rays  altogether.  On  the 
I'oatraiy,  the  violet,  ind^  and  blue  rays  of  light  favor  chemical  action.  This 
is  clearly  exempMed  in  the  following  manner ; — If  an  engraving  be  covered 
one  half  with  a  yellow  glass,  and  placed  in  fkint  of  a  camera  for  tho  pur- 

Qvrano™.— What  eiperlments  have  been  m»io  by  Mr.  Stokes  f  What  cuiioiM  feet  hM 
the  atudyoflJio  chemical  principle  of  light  evDlvedt  Upon  what  doc®  Ihe  prodacdon  of 
photographic  pictures  depend  V  "What  eiperimmt  sboB's  that  Ught  is  not  neceaMrx  for  Ibg 

beam  K^ect  the  chopicU  principle  f    What  experiojeDts  and  ^cta  iUuBbrota  their  r«la- 
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poao  of  representation  on  H  dagiierreotjpe  plate,  an  accurate  copy  will  ba 
ehortlj  obtained  of  tho  uncovered  portion,  while  tbe  yellow  screen  entirely 
prevents  the  plate  from  rcoolving  an  impression  of  tlie  rest.  But  if  the  en- 
graving be  covered,  one  half  wilii  blue  and  the  oUier  half  willi  yellow  glass, 
while  it  will  ba  distinctly  discernible  to  the  eye  througli  the  latl*r  and  not 
at  a]l  tliroi^h  the  former,  the  camera  will  iaithfully  copy  the  portion  whicii 
is  invisible,  but  wholly  n^lect  the  other.  Again,  in  a  room  illuminated  solely 
throi^h  red,  or  orange  glass,  in  which  light  may  lall  with  dazzling  luster,  no 
photographic  operations  can  bo  conducted;  while  if  blue  glass  be  substi- 
tuted, the  change,  while  it  will  dim  the  effulgence,  will  enable  the  photo- 
grapher to  exercise  hia  art  with  success.  In  the  same  way,  during  certain 
Btal«s  of  the  atmosphere,  there  may  be  on  abundajico  of  illumicalmg,  but 
Teiy  few  photogenic  rays. 

208.  Influence  of  Liglit  on  Tege  tat  Ion.— There  aremany 
reasons  for  supposing  that  each  of  tho  three  prinoiplea,  I'^ht,  heati  and  aotin- 
iam,  included  in  the  solar  ray,  exercise  a  distinct  and  pccohar  iniluence  upon 
Tegetatdon.  Thus  tlio  luminous  principle  contrcls  the  growth  and  coloration 
of  plants,  the  calorific  principle  their  ripening  and  fructification,  and  the  chem- 
ical principle  the  germination  of  seeds.  Seeds  which  ordinarily  require  ten 
or  twelve  days  for  germination,  will  germinate  under  a  blue  glass  in  two  or 
three.  The  reason  of  this  is,  that  tho  blue  glass  permits  the  chemical  prin- 
dplo  of  light  to  pass  freely,  but  eiteludes,  in  a  great  measure,  the  heat  and 
the  ]y<ht.  On  the  contrary,  it  is  nearly  impossible  to  make  seeds  germinate 
under  a  yellow  glass,  tiecauso  it  excludes  nearly  all  the  chemical  infiuence 
of  the  solar  ray. 

Further  consideration  of  the  chemical  effects  of  l^bt  will  be  postponed 
until  after  tJie  chemical  properties  of  the  elementary  bodies  have  boon  de- 


CHAPTER   IV. 


ELECTEICITT. 


209.  Electricity  is  a  subtile  agency  or  force,  ■without 
weight  or  form,  that  appears  to  be  diffused  through  all 
nature,  existing  in  all  substances  without  affecting  iheir 
volume  or  their  temperature,  or  giving  any  indication  of 
its  presence  when  in  a  latent,  or  ordinary  state.  When, 
however,  it  is  liberated  from  this  repose,  it  is  capable  of 
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prodaeing  the  most  sudden  and  destructive  effects,  or  of 
exerting  powerful  iuflaencea  by  a  quiet  and  long-continued 
action. 

We  are  unable  to  say  whottcr  electricity  ia  a  material  Bubstaocc,  a  property 
of  matter,  or  the  vibration  of  an  otber,  Tlie  general  opinion  at  the  present 
day,  however,  is,  that  electricity,  like  liyht  and  licat,  ia  the  result  of  some 
modification,  or  vibration  of  that  subtile  etliereal  medium  which  pervades  all 
space,  and  which  ia  enable  of  moving  with  various  degrees  of  ficility  iJirough 
the  pores  of  even  the  densest  substance^^. 

The  language  which  is  almost  universally  adopted  in  describing  electrical 
phenomena,  ia  based  ujion  the  supposition  that  electricity  is  a  form,  or  kmd 
of  matter,  mdcb  by  the  use  of  this  hypothesis,  tlie  leading  facts  of  the  sdence 
may  he  clearly  and  simply  set  forth. 

210.  Electrieity  and  Chemical  Action.— The  relation 
which  exists  between  the  force  of  electricity  and  the  opera- 
tions of  chemical  affinity  is  most  intimate  ;  and  according 
to  some  authorities  electricity  and  chemical  affinity  are 
merely  different  manifestations  of  the  same  agent. 

211.  Eieilalion  of  Electricity.— Electricily  may  he  ex- 
cited, or  called  into  activity  by  mechanical  action,  by 
chemical  action,  hy  heat,  and  by  magnetic  influence. 

Wily  the  meins  above  enumerated  should  develop  eleetricttj-,  or  excite  it 
from  a  neutral  condition,  is  a  matter  at  present  wholly  inexpUcable. 

212.  Two  Conililiojis  0/  Electricily.— Electricity  in  the 
act  of  becoming  free,  aa  when  excited  by  friction,  or  when 
evolved  from  a  galvanic  battery,  appears  to  separate  into 
two  forces,  or,  aa  it  is  generally  termed,  into  two  kinds  of 
electricity.  Those  two  forces  are  identical  in  their  nature 
and  equal  in  power,  hut  opposite  and  contrary  in  their  ac- 
tion. When  they  meet,  they  do  not  unite  to  form  a 
double  electrical  force,  hat  they  mutually  neutralize  and 
destroy  the  power  of  each  other. 

The  existence  and  action  of  these  two  forces,  or  kinds  of  electricity,  may  be 
demonatmted  by  the  following  simple  experiment : — 'If  we  take  a  dry  glass 
rod,  rub  it  well  with  oik,  and  present  it  to  a  light  pith  ball,  or  feather,  P, 


elcctriaty,  on  being  set  frep,  display  Itself?  WIIBt  is 
kinOs  of  eteotriritsF  F  Hov  aaj  tlie  eilHloDCe  and  w 
be  demDnBtrateil ! 
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FiQ.  B9. 


PlO.  60. 


Pig.  59.  suspended  from  a  support  bjasUk  thread,  the  ball  or  foafliorwill  be 
Bttracleil  toward  the  glass,  as  aeeo  at  6.  After  il  haa  adhered  to  it  a  moment 
it  will  fly  off  or  bo  repelled  as  P  from  tr  The 
Kuiio  thing-  B  11  also  hifpen  il  sealmgwix  be 
rubbed  wilh  drj  flanuol  and  a  lifco  cxpcriBicnt 

Jf,  however   the  act  on  of  the  glasg  and  the 
■VF3K  be  compared  togtthcr   a  rem  irkablo  differ 
eiioe  between  the  two  nill  immediatoly  manifest 
//  11        itself  for  when  the  glass  repels  the  baE  the  seal- 

^3  U  03  a  ing-wai  will  attract  it  most  isfrongly,  and  when 
the  wax  repels,  tlio  glass  attracts  in  like  manner ; 
so  (hat  if  we  suspend  a  light  pith  ball,  or  feather,  by  a  silk  thread,  as  m  Fig. 
fiO,  and  present  a  stick  of  excited  saaling-wax,  S,  on  one  side, 
and  a  tube  of  excited  glaaa,  G,  on  the  other,  the  ball  will 
commence  Tibrating  like  a  pondulnoi  from  one  to  the  other, 
being  alternately  attracted  and  repelled  by  each,  the  one  at- 
tracting when  the  other  ropels.  "We  therefor©  conclude  that 
the  eiectricitiea  eseited  in  the  glass  and  wax  aro  different 

la  order  to  dbtinguisli  the  two  opposite 
fiirces  or  conditions  of  electricity  from  each 
other,  that  force  which  is  obtained  from  ihe  glass  has  I'aeu 
leritied  vitreous,  or  positive  electricity ;  and  that  from  the 
wax,  resinous,  or  negative  electricity. 

While  Uie  terms  yitroous  and  resinous  are  now  rarely  used,  those  of  posi- 
tive and  negative  are  aomewliat  unfortunale,  aineo  tlicy  almost  uuavoidably 
convey  to  the  learner  tlio  impression  tliat  tlie  one  force  is  stronger  or  more 
potent  than  the  otlier,  whereas  the  negative  eleelrlcity  has  as  positive  (tu  cs- 
istenoe  and  as  substantial  power  as  the  opposite  electricity. 

Eleotridty  may  be  excited  in  all  bodies.  There  are  no  exceptions  to  this 
fact,  but  eleotridty  is  developed  in  some  bodies  with  great  ease,  and  In  others 
with  great  difficulty.  In  no  ease,  however,  can  electricity  of  one  kind  ba 
excited  without  scttmg  free  a  eorreaponding  amount  of  electricity  of  Iho 
otlier  kind  ;  hence,  when  electricity  is  excited  by  friction,  the  rubber  always 
exhibits  the  one,  and  the  body  rubbed,  the  other. 

213.  PunilameDtal  Law  of  Eledricily.— The  funda- 
meutal  law  which  governs  the  relation  of  the  two  forces 
of  electricity  to  each  other  may  ho  expressed  as  follows  : 

Like  electricities  repel  each  other,  unlike  electricities 
attract  each  other. 

derelQf  ed  independenU;  iX  Qie  other  f  Wlut  is  the  great  fnndamenliil  Ian  of  elettrii^ty ! 
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Thus,  if  two  Eubstancoa  are  charged  wilh  poaidvo  eleptridtj-,  they  repel 
each  oUicr;  two  subatances  charged  with  negativa  olectridty  also  repel  each 
other ;  but  if  one  ia  chained  with  poaitire  and  the  other  with  negative  elec- 
tricity, thoy  attract  each  other. 

The  attraction  which  the  two  opposite  oJectrieitlca  have  Ibr  each  other  is 
Terj'  great,  and  their  tendency  is,  therefore,  coDstantly  to  combine  tc^ther. 
From  Buch  combination  latent,  or  quieaoent  electricity  results. 

214  EleBtcified  and  Non-Electrified  Bodies.— When  a 
l>oJy  holds  its  own  natural  quantity  of  electricity  undia- 
lurbed,  it  is  said  to  be  non-electrified. 

"When  an  electrified  body  touches  one  that  is  non-elec- 
trified, the  electricity  contained  in  the  former  is  trans- 
ferred in  part  to  the  latter. 

Thna,  on  touching  the  end  of  a  suspended  silk  thread  with  a  piece  of  er- 
dted  wax  or  glass,  electricity  will  paas  from  Ihe  wax  or  glass  into  the  silk, 
and  render  it  eleotriSed  ;  ami  the  silk  will  exhibit  the  effects  of  the  electricity 
imparted  to  it,  by  moving  toward  any  object  that  may  be  placed  near  it. 

215.  Conductors  and  Non-Conduetors.  —  Bodies  differ 
greatly  in  the  freedom  with  which  they  allow  electricity 
to  pass  over  or  through  them.  Those  substances  which 
facilitate  its  passage  are  called  conductors  ;  those  that  re- 
tard, or  almost  prevent  it,  are  called  non-conductors. 

No  substance  can  entirely  prevent  the  passage  of  electricity,  nor  is  there 
any  which  does  not  oppose  some  reaslance  to  ita  passage. 

Of  all  bodies,  the  metals  are  tho  most  perfect  conductors  of  electricity ; 
charcoal,  the  earth,  water,  moist  air,  moat  liquids,  except  oils,  and  the  human 
body,  are  also  good  conductors  of  electricity. 

Gum  shellac  and  gutta  percha  are  the  most  perfect  non-conductors  of  clco- 
tjicity;  sulphur,  scaling-wai,  reain,  and  all  rcainoua  bodies,  glass,  silfc, 
feathers,  hair,  dry  wool,  dry  ^r,  and  baked  wood,  are  also  non-conductors. 

Electricity  always  passes  by  preference  over  the  best  conductora 

216,  Insulation. — When  a  conductor  of  electricity  is 
surrounded  on  all  sides  by  non-conducting  substances,  it 
is  said  to  be  insidated  ;  and  the  non-conducting  substances 
which  surround  it  are  called  insulators. 

■When  a  conduotiog  body  is  insulated,  it  retains  upon  its  sur&ce  the  elec- 
tridty  communicated  to  it,  and  in  this  condition  it  is  said  to  be  charged  with 
etectridty. 
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217.  Vflocity  of  Elfctricity. — The  velocity  with  which 
the  influence  of  electricity  passes  through  good  conduc- 
tors is  80  great,  that  the  most  rapid  motion  produced  by 
art  appears  to  be  actual  rest  when  compared  to  it.  Some 
authorities  have  estimated  that  frictional  electricity  will 
pass  through  copper  wire  at  the  rate  of  288,000  miles  in 
a  second  of  time — a  velocity  greater  than  that  of  light. 
The  results  obtained,  however,  by  the  United  States  Coast 
Survey,  with  galvanic  electricity  and  iron  wire,  show  a 
velocity  of  from  15,000  to  20,000  miles  per  second. 

Tho  terms  flu  d   aud  "  electric  currentj"  which  are  frequonHy  em- 

ployed in  d        b  n  ca  phenomena,  aro  calculated  to  mislead  the  stu- 

dent into    ha  auppo   ti  a  oloetrioity  is  known  to  bo  a.  fluid,  and  that  it 

Bows  in  a  ap  d  Etr  am  al  Dg  a  conductor.  Such  terms,  it  should  be  un- 
derslcod,  a  u  d  d  m  on  an  asaumod  analogy  between  the  electric 
force  and  a  fl  d  sub  ta  ce  Tho  nature  of  that  force,  however,  ia  unknown, 
flod  whetl  m  m  S3   n  bo  in  the  form  of  a  current,  or  by  vibratioas,  ia 

nndetermincd.* 

218.  Galvanic,  or  Toltait  EIcEtricity.— Electricity  ex- 
cited or  produced  by  the  chemical  action  of  two  or  more 
dissimilar  substances  upon  eachother,  is  termed  Galvani-;, 
or  Voltaic  Electricity,  and  the  department  of  physical 
science  which  treats  of  this  form  of  electrical  disturbance 
u  called  Gialvanism. 

The  most  ample  method  of  illustrating;  tho  production  of  galyanic  electricity 
ia  by  placing  a  piece  of  silver  (as  a  coin)  on  tho  tongue,  and  a  piece  of  zinc 
UQdemoatli.  So  lot^  as  the  two  metals  are  kept  asunder  no  effect  will  ho 
noticed,  but  when  their  ends  are  brought  together  a  distinct  thrill  will  paaa 
throngh  the  tongue,  a  metallic  taste  will  diffuse  ilsel^  and,  if  the  eyes  are 
clostd,  a  sensation  of  Ught  will  be  evident  at  the  same  moment. 

This  result  is  owing  to  a  chemical  action  which  is  developed  the  moment 


iBcussion  which  loolt  place  Borne  j-eara  since  at  a  meefing  of  th 
seed  hia  opinion  as  followe:— "  Thore  was  a  timo  wben  I  thoui 


fTiosa— What  is  the  velocity  of  eleetrldtj'  f 
!nrrent,aa  applied  to  electriaty?  What  ia  g 
msBt  rijnple  mt^thod  of  mu8tri.tii^  Its  prudncl 
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the  two  metala  touch  each  other.  Tho  saliva  of  the  tongue  acta  chemioall7 
npoD,  or  osydizea  a  portion  of  the  zinc,  which  excites  electricity,  for  no  chem- 
ical actJoQ  erer  takes  place  without  producing  electricity.  Upon  brining 
tho  cnda  of  the  two  metals  together,  a  al^ht  current  paases  from  one  to  the 

219.  Discovery  of  Galvanie  Eleetrieity. — The  produc- 
tion of  electricity  by  the  chemical  action  of  two  metals 
when  brought  in  coutact,  was  first  noticed  by  Galvani, 
a  professor  of  anatomy  at  Bologna,  Italy,  in  1790. 

Ilia  attendon  waa  directed  to  the  subject  in  the  following  manner ; — HaT- 
ing  ocoadon  to  dlasect  several  &ogB,  he  hung  up  thoir  hind  It^  on  some  cop- 
per hooks,  until  ho  might  find  it  necessary  to  use  them  for  illustration.  In 
this  manner  ho  happened  to  Buapend  a  number  of  tho  copper  hooks  on  an 
mm  balcony,  when,  to  his  great  astonishment,  the  limbs  were  thrown  into 
violent  convulsions.  On  inveafigating  the  phenomenon,  he  found  that  the 
mere  contact  of  diaamilar  metala  with  tho  moist  surfaces  of  tho  muscli;s  and 
nerves,  was  all  that  waa  nceesgniy  to  produce  tho  convulsions. 


This  ringular  action  of  eleetridty,  first  noticed  by  Galvani,  may  he  eip^ri- 
mentally  exhibited  without  difficulty.  Fig.  61  represents  tho  extremities  of 
a  frog,  with  the  upper  part  dissected  in  such  a  way  as  to  exhibit  the  nerves 

nomenoD  first  aolieed  by  Galvmi  bo  •iperimentaJlj'  repo»«4  f 
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of  tha  logs,  and  a  portioQ  of  the  Bpical  marrow.  If  we  now  take  two  thin 
pieccfl  of  copper  and  zinc,  C  Z,  and  place  oua  under  tlie  nervca,  and  tho  other 
in  contact  with  the  muBolEa  of  the  log,  me  shall  Slid  tljat  bo  long  aa  the  two 
pieces  of  taotal  are  Beparateii,  so  loog  will  the  limbs  muiain  motionless ;  but 
by  making  a  connection,  inatiintly  tlio  whole  lower  cstrcmities  will  be  thrown 
into  violent  convnlsiona,  quivering  and  stretching  themselves  in  a  manner 
too  singular  to  deaoribe.  If  the  wire  ia  kept  closely  in  contact,  these  phen- 
omena are  ct  momentary  duration,  but  are  renewed  every  time  the  contact  ia 
made  and  broken. 

Galvani  attributed  these  movementa  of  the  muscles  to  a  kind  of  nervous 
Add  pervading  the  animal  system,  similar  to  tlie  electric  fluid,  whieb  passed 
from  the  nerves  to  the  nmsclos,  as  sooti  as  the  two  were  brought  in  commu- 
nication with  each  other,  by  means  of  the  motalho  connection.  He  therefore 
called  the  supposed  fluid  animal  cleetridty. 

220.  The  Voltiilc  Pile— The  experiments  of  Galvani  were  re- 
peated by  Volta,  an  eminent  Italian  philosopher,  who  found  that  no  electrical 
or  nervons  excitement  took  place  unless  a  communication  between  the  muscles 
and  the  nerves  was  made  by  two  different  metals,  as  copper  and  iron,  or 
copper  and  ainc  He  also  observed  that  all  the  effects  noticed  could  be  pro- 
duced in  a  much  higher  degree  by  using  a  number  of  pieces  of  dilTerent 
Fig  62  metala  and  a  fluid,  or  a  substance  moistened  with 

a  fluid.     He  accordingly  arranged  a  aeries  of  cop- 
;   per  and  zinc  plates  in  a  pile  with  cloths  wet  in  a 
,   saline  or  acid  liquid  between  them,  as  is  repre- 
!   sented  in  Fig.  62.     The  series  commenced  with  a 
J   zinc  plate,  upon  which  was  placed  a  copper  plate 
H  '^  of  the  same  size,  and  on  that  a  circular  piece  of 
ZlO  clotli  previously  soaked  in  water  slig^itly  aeidu- 
'  taled.    On  the  cloth  was  laid  another  plate  of 
nc   rine,  then  copper,  and  again  cloth,  and  so  on  in 
iccession,  until  a  pile  of  SHy  series  of  altemal« 
DC  metal  plates  and  moistened  cloths  was  formed,  the 
t«rminal  plate  of  the  series  at  one  end  being  cop- 
iJ^  P^''  '""^  "-^  *^^  o^B''  B"^  ^'"<^'     ^^'*  ""  apparatus 
ceived  the  na 


For  instance,  if  the  two  ends  or  termmal  plates  of  the  pile  were  touched, 
one  mth  each  hand  previously  moistened,  a  sensation  similar  to  that  of  an 
electric  shock  was  espericnced.  If  the  two  ends  were  connected  ty  means 
of  raetallio  wires,  sparks  could  ba  obtained,  shocks  communicated,  and  many 
other  electrical  effects  produced. 


QmsnoBB.— To  wl 


Volts  f    What  dlacsverr  did  V 
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221.  HoiDltsorGjiIvaDi'BandFDUa'sDUcoTories.— 
Such  is  an  outline  of  one  of  the  greatest  and  most  remarkable  discoveries  of 
modem  times — a  discoverj'  wiiich  illustratea  in  a  striking  manner  the  im- 
portanco  of  cultirating  correct  habits  of  observation,  and  of  riglitly  estimating 
lUe  relations  which  e^t  betwoan  a  causo  and  ila  eOect.  Tho  attention  be- 
Btowed  by  Galvani  ott  tho  Bimple  circumstaiiee  of  the  twitching  of  a  frog's 
iaga  in  1790,  led  to  the  discovery  of  Uie  voitaio  pilo  in  1300,  a  mollification  of 
which  constitutes  tlio  present  galTitnie  battery.  Since  tlie  last  named  poriod 
tlie  pn^ress  of  discovery  has  been  most  rapid,  embracing  tlio  whole  science 
of  electro-magnetiam,  eleotro-mctollui^,  the  applicatiou  of  eleetricify  to 
chemical  analysis,  to  the  produdjon  of  intense  heat  and  light,  to  the  recoidmg 
of  tiais,  to  the  dotorniination  of  longitudes,  and  finally,  to  the  almost  instan- 
taneous commnnication  of  intclligonca  by  means  of  tho  lelegraph. 

Tolla  conadered  that  electricity  waa  produced  by  simple  contact  of  dis- 
similar metals,  positive  electricity  being  orolved  from  the  oce,  and  negative 
Itom  the  other.  It  ta  now  gonerElly  believed  that  chemicrf  action,  taking 
place  between  the  aurfiices  in  contact,  is  the  sole  cause  of  exciting  and  con- 
tinuing the  electric  cmTGUts. 

222.  Fundamental  Principle  of  Galvanic  Electricity. — 

The  fundamental  prjneiiile  which  forms  the  basis  of  the 
science  of  galvanic  electricity  is  as  follows  : 

Any  two  metals,  or  more  generally,  any  two  different 
bodies  which  are  conductors  of  electricity,  when  placed  in 
contact,  develop  electricity  by  chemical  action^ — jiosilive 
electricity  flowing  from  the  body  which  ia  acted  upon  most 
powerfully,  and  negative  electricity  from  the  othur. 

223.  Electro-positive  and  Negative  Elements, — In  gen- 
eral, that  substance  which  is  acted  upon  most  easily  ia 
termed  tlie  electro-positive  element ;  and  the  other  the 
electro- negative  element. 

The  electrical  force  or  power  generated  in  this  way  is 

called  tho  electro-motive  force- 
Different  bodies  placed  in  contact  manifest  different 

electro-motive  forces,  or  develop  different  ijuantities  of 

electricity. 
Budiea  capable  of  developing  oleclricity  by  contact  may  be  arranged  in  a 

Qmisno™.— Wh&t  hnve  lieen  the  raaults  of  G»lr«nl-s  md  V  Ita's  dlBcovoriea  f  Whst 
did  Volla  BuppoK  lo  be  Iho  oriBln  of  Ihc  elcotricilyof  the  pilof  What  is  no.  believed  on 
this  subject?    Wtiatla  the  ftrndamentBl  prinelpto  of  gatvanic  elcclrli^ty !    Wliatare  eIu- 

tuolive  foKflF    How  aia7  bodies  c&pabLfl  ofexciti^igolectn-motivq  forc«  be  closBed ! 


HnjtcdbyGoOglc 


138  PRINCIPLES     OF     CHEMISTET. 

Borios  in  Buch  a  nmnnor  that  any  ono  placBil  in  contact  wifli  acother  holding 
a  lower  place  in  the  Bariea,  will  reoolve  the  positive  fluid,  and  the  lower  one 
the  negalive  fluid ;  and  the  more  romotfi  they  Btaad  from  each  other  in  the 
order  of  the  eeries,  the  mora  decidedly  will  the  electricity  be  developed  by 

The  most  common  aubBtancea  uaed  for  exciting  galvanic  electridty  may  b« 
arranged  in  such  a  series  as  foUowa : — zinc,  lead,  tin,  antimony,  iron,  brass, 
copper,  silver,  gold,  platinum,  black  lead  or  graphite,  and  eharcoaL 

Thus,  zinc  and  lead,  when  brought  in  contact,  will  produce  electricity,  but 
it  will  be  much  less  active  tbaa  that  produced  by  the  uniob  of  zinc  and  iron, 
or  tho  same  metal  and  copper,  and  the  laal  leas  active  than  zinc  and  platinmu 
or  zinc  and  eharcoaL 

224.  Zamboni's  Pile  .—According  to  llie  principles  above  explained, 
a  perfectly  dry  pile,  known  from  its  inventor  as  Zamboni's  pile,  may  be  con- 
structed of  slioeta  ofgHdod  paper  and  sheet  zmc  If 
several  thousand  of  these  bo  packed  together  in  a 
glass  tube,  so  that  their  aimilar  metallic  faces  shall  all 
Jook  tho  same  way,  and  be  pressed  tightly  together 
at  each  end  by  metallic  plates,  it  will  be  found  that 
one  extremity  of  the  pile  is  positive  and  tho  otlicr 
uegaUve.  Such  a  aeries  will  last  more  than  twenty 
years,  but  it  requires  as  many  aa  10,000  paira  to  af- 
ford sparks  visible  m  daylight 

Fig.  63  represents  a  p^r  of  these  piles,  ao  arrar^ed 
as  to  produce  what  has  been  called  a  perpetual  mo- 
tion. Two  piles,  P  K,  are  placed  in  such  a  poation 
that  (lie  pomtive  eirtremity  of  one  pfle  is  opposite  and 
near  to  the  negative  extremity  of  the  other.  Be- 
tween them  a  light  pendulum  is  placed,  vibratmg  on 
an  axis  and  insulated  od  a  glass  pillar.  This  pen- 
dulum is  alternately  attracted  to  One  ajid  then  to  tho 
,  other,  and  thus  rings  two  little  bells  connected  witli 
positive  and  negative  polca. 
In  a  similar  manner,  voltaic  piles  have  been  constructed  entirely  of  vege- 
table aubstances,  without  resorting  to  the  use  of  any  metal,  by  placing  disca 
of  beet-root  and  walnut-wood  in  contact  With  auch  a  pile,  and  a  leaf  of 
grasa  aa  a  conductor,  convuMona  in  the  muscles  of  a  dead  frog  are  said  to 
have  been  produced.  Other  experimentalista  have  formed  voltaic  piles  wholly 
of  animal  substancea. 

225.  Practical  Prodiiclion  of  Galvanic  Eleelrieity.— la 

the  production  of  galvanic  electricity  for  practical  pur- 
poses, it  ia  necessary  to  have  a  combination  of  three  dif- 
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ferent  conductors,  or  elements,  one  of  wliieli  must  be 
solid  and  one  fluid,  while  the  third  may  be  cither  solid  or 
fluid. 

The  procoas  usnally  adopted  is  to  place  between  two  plates  of  different 
Mods  of  metal  a  liquid  capable  of  exciting  some  chemical  action  on  one  of  the 
plates,  while  it  hsa  no  action,  or  a  dilTcronC  action  upon  the  other.  A  com- 
manicatloD  is  then  fbrmod  between  the  two  plates. 

226.  Calyanie  C  ire  nit. —When  two  metals  capable  of 
exciting  electricity  are  so  arranged  and  connected  that  the 
positive  and  negative  electricities  can  meet  and  flow  in 
opposife  directions,  they  are  said  to  form  a  galvanic  cir- 
cuit, or  circle.  Such  an  arrangement  is  very  generally 
termed,  also,  a  simple  galvanic  battery. 

A  very  simple,  Mid  at  the  Bame  time  -p^     g. 

Bti  active  galvaiuo  c  cu  t  ra  7  he  formed 
hy  aa.  airaagom  nt  as  re(resenti.d  n 
FiS.  G4.  0  and  Z  are  tl  n  phites  of 
copper  and  ijnc  mm  rscl  in  a  (,tass 
vessel  containing  a  verj  we  k  solu  a 
of  sulphuric  ac  d  and  nate  "^  In  g 
as  the  two  uictala  do  not  touol  each 
other,  there  will  be  but  ehght  1  em  cal 
action,  and  couaequenlly  little  or  no 
eleotricity  svoIt-mI  but  on  bnig  ngtl  e 
two  ends  of  the  metal  stnps  togetl  er  or 
by  causing  metallio  contact  by  a  con- 
nection of  wires,  X  and  W,  a  gidvanic 
drcuit  will  be  formed,  poative  elec- 
tricity passing  IVom  tho  zinc  through  the  liquid  to  the  copper,  and  from  tha 
copper  along  tho  conductii^  wires  to  the  zinc,  as  indicated  by  the  arrows  in 
the  figure.  A  current  of  negative  electricity  at  the  same  time  traverses  the 
circuit  also,  from  tho  copper  to  the  zinc,  in  an  opposite  direction. 

321.  Theory  of  a  Simple  Circnil — In  the  formation  of  a  gal- 
vauio  circuit,  by  the  employment  of  two  metals  and  a  liquid,  the  chemical  ac- 
tion which  gives  rise  to  the  electricity  takes  place  through  a  decomposition 
of  the  liquid. 

When  a  plate  of  zinc  and  one  of  topper  are  immersed  in  water  acidulated  with 
sulphuric  acid,  tho  elements  of  the  water,  oxygen  and  hydri^en,  are  separated 
from  each  other,  in  consaqnenoe  of  the  greater  attraction  which  the  oxygen 
has  fbr  the  zmc.     The  oxygen,  therefore,  unites  with  the  zinc,  and  by  so  doing 
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eicites,  or  develops  electricity  in  tho  metal  But  aa  ono  kind  of  electricity 
con  Dot  be  evolved  without  brit^ing  aa  equal  quantity  of  the  oUier  into  ac- 
iLvity,  the  act  which  develops  negative  electricity  in  tlic  metal,  instantaneously 
develops  positive  electricity  in  tlie  liquid.  It  would  naturally  be  aupposetl, 
t'lat  as  the  two  opposite  electricities  have  a  stroi^  attraction  for  each  other, 
fiat  (hey  would  again  unit«,  and  rcEtore  tlie  equiiibrium ;  such,  liovrever, 
f.  om  some  nnexplained  reason,  is  not  tho  case ;  but  tlie  electrical  and  chem- 
ical charts  are  so  connecti^d,  that  unlees  the  equilibrium  is  restored,  tho 
action  between  tho  metal  and  Ibe  liq^iid  will  stop  as  soon  aa  a  certain  quan- 
tity of  electricity  haa  Eccumulatfld.  II,  under  these  cu^iumataBccs,  tho  copper 
plate  wliich  is  immoiseit  in  tho  liquid,  but  not  acted  upon  by  it,  ba  brought 
ia  contact  with  tho  zini^  it  will  servo  as  a  conductor,  and  will  convey  tho 
poative  electricity  accumulated  in  tho  liquid  Ki  the  zinc,  restore  the  cquilL- 
hrium  of  tlie  two  electiidties,  and  cause  the  acfion  between  tho  liquiS  and  the 
zinc  to  recommence.  With  the  commencement  of  tho  flow  of  pomlive  elec- 
tricity from  tlie  liquid  to  the  copper,  and  from  the  copper  to  the  zine,  a  cur- 
rent of  negative  electricity  will  tend  to  flow  in  tho  opposite  direction,  or  from 
the  ^nc  to  the  copper,  and  from  the  copper  to  tho  Uquid.* 

228.  Direftion  of  the  Current.— lu  all  cases,  the  direc- 
tion of  the  current  is  dependent  on  the  direction  of  tho 
chemical  action. 

Tho  poaitivo  electricity  always  sot9  out  fi-om  tho  metal  most  acted  npon  by 
the  eiciling  liquid,  which  may  he,  therefore,  called  the  generatii^  or  posi- 
tive plate.  It  traverser  the  liquid  toward  the  less  affected  metal,  which  fbnna 
the  negative,  or  conducting  plate,  and  from  this  the  force  is  Iranaiferred  to  tho 
wire,  or  other  conducting  medium',  between  the  two  plates ;  thence  it  passes 
back  again  to  the  generating  plate.  In  tliis  way  tho  circuit  is  completed,  and 
imless  this  (Hrculation  can  take  place,  al!  the  phenomena  of  galvanic  action 
will  be  suspended. 

The  electrical  condition  of  the  plates  of  copper  and  zinc  aa  above  descril>cd, 
it  should  bo  understood,  appUes  only  to  those  portions  of  Clie  two  metala 
which  are  immersed  in  the  liquid.  Those  parts  wliich  are  out  of  the  liquid, 
and  in  tho  air,  are  in  an  exactly  opposite  condition.  Thus  tlie  end  of  tho  zinc 
in  the  add  is  +,  or  positive,  while  that  in  the  air  is  — ,  or  ncgaliva  Tho 
electrical  state  of  tho  two  ends  of  the  copper  ia  exactly  the  reverse. 

It;  In  the  arrangement  above  described,  some  liquid  whieli  acts  upon  tho 
copper  in  prefcrenco  to  the  zinc,  as  ammonia,  hod  been  used,  the  electrical 

■  In  every  Toltidc  ciiFrent  It  la  usumed  that  a  qunnClty  of  n?eatlTe  electricity,  eqnitl  ts 
tUsloftliepoamTe  BellnmoUiin,  is  proreeding  alons  Uie  condudinE  medium  In  s  dlri^c- 
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eondition  of  tlio  tiro  metala.  and  tha  direction  of  tlie  flow  of  electricity,  woulJ 
have  been  rerersed. 

Although  two  metal  plates  aro  usually  employed  in  a  simple  galvanic 
circuit,  only  one  of  tiiera  is  active  in  the  excitement  of  electricity,  the  other 
plate  serving  merely  as  a  conductor  lo  collect  the  force  generated.  A  metal 
plate  is  generally  used  for  this  purpose,  because  metals  conduct  electricity 
much  better  than  other  substances  exposing  aa  equal  surtiieo  to  the  fluids 
In  which  they  ace  immersed ;  bat  other  conductors  may  be  used,  and  when 
a  proportionately  lai^er  surikce  ia  exposed  to  compensate  for  inferior  con- 
ducting power,  they  answer  as  well,  and  in  some  mstances  better,  than  metal 
plates.  Thus  charcoal  ia  very  often  employed  in  tbe  place  of  copper,  and  a 
very  hard  material  obtained  from  the  inteiior  of  gaa  retorts,  "  gas-  carbon," 
is  conadered  one  of  the  best  conduelora. 

Two  metala  are  not  absolutely  essential  to  the  fonnation  of  a  simple  gal- 
vanic current.  A  current  may  bo  obtained  from  one  metal  and  two  liquids, 
provided  the  liquids  aro  such  tliat  a  stronger  chemical  action  takes  place  on 
one  side  of  Uie  metal  plate  tlian.  on  the  other. 

229.  Poles  ot  a  Gahanie  Battery,— The  two  metals 
forming  the  elements  of  tlie  battery  are  generally  connected 
by  copper  wirea  ;  the  ends  of  these  wires,  or  the  terminal 
points  of  any  other  connecting  medium  used,  are  called 
the  poles  of  the  biittery. 

Thus,  when  zinc  and  copper  plates  aro  used,  the  end  of  tlio  mire  conveying 
positive  electricity  from  the  copper  would  be  the  positive  pole,  and  the  end  of 
tiie  vpire  conveying  negative  electricity  from  the  zmc  phito  would  be  the 
negative  pole.  Faraday  descriticfl  the  poles  of  the  battery  as  tlio  doors  by 
which  electricity  enters  into  or  passes  out  of  the  substance  suffering  decom- 
position, and  in  accordance  with  this  view  he  has  given  to  tlio  positive  polo 
the  name  of  anode,  or  ascending  way,  and  to  the  negative  pole  Uie  name  of 
caSicde,  or  descending  way. 

The  manifestations  of  electricity  will  bo  most  appn- 
rcot  at  that  point  of  the  circuit  where  the  two  currents 
of  positive  and  negative  electricity  meet. 

When  the  two  wirea  oonnccdt^  the  metal  plates  of  a  battery  are  brought 
in  contact,  the  galvanic  circuit  ia  said  to  be  closed.  No  sign  of  electric^  ex- 
citement is  then  viable ;  the  action,  nevertheless,  continues.  The  opposito 
electrldties  collected  at  the  poles,  in  particular,  neutralize  each  other  perfectly 
on  meeting ;  erery  trace  of  eloctridty  must  therefore  vanish  if  a  fresh  qhan- 
tity  were  not  continually  produced  by  the  continuance  of  the  chemical  action. 

clccumstanuG  can  mine  otber  sulutance  be  subsUtuled  in  place  of  the  wpjier?  Whst 
8re  the  poles  o(  s  galvanic  battery  (     Wlitl  ii  tlie  meantng  of  the  termB  anodo  end 
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230.  Gomponnd  Circuit. — The  electricity  developed  by 
a  simple  galvanic  circuit,  whether  it  be  composed  of  two 
metals  and  a  liq^Qid,  or  any  other  combination,  is  exceed- 
ingly feeble.  Its  power  can,  however,  be  increased  to  any 
extent  by  a  repetition  of  the  simple  combinations. 

The  discovery  of  tliia  fact  was  first  made  by  Volta,  and  applied  by  him  in 
the  voltaic  pile  beibre  desciibod. 


Q  Its  simpleat  form,  the  constnictinD  of  a  compound 
galvajiio  circuit,  by  the  union  of  a  number  ol  simple  circuits.  Euth  glass 
contains  one  zinc  and  one  copper  plate,  whiuh  are  not  mimodiBtely  connected 
tt^tlier  as  in  n  ample  circuit ;  but  every  zinc  plate  is  connected  with  tho 
copper  plato  of  the  preceding  glass  by  a  copper  wire  or  band.  In  the  figure, 
tlie  copper  plate  and  Bie  direction  of  the  positive  current  is  represented  by  the 
Big"  4~:  ^^^  *^<3  ^'i^  plate  and  the  negative  current  by  the  sign  — 

In  a  compound  galvanic  circuit,  like  the  one  represented  m  Fig  65  the 
positive  electricity  which  the  flaid  in  the  first  vessel  acquires  Irom  the  plate 
of  zinc  exposed  to  its  action,  is  tahcQ  up  by  the  copper  plato  and  transferred 
to  the  second  zinc  plate  in  the  second  vessel,  by  means  of  its  metallic  con 
nectlon.  This  transmits  it,  together  with  what  itsetf  generitts,  to  the  hquid 
of  the  second  vessel  From  this  the  double  three  is  passed  to  the  nixt  cop- 
per, and  by  it  totlie  third  zinc,  which  it  touclios,  and  so  on,  iiLrv  sulci edmj 
^ternation  being  productive  of  a  fluther  increase  n  the  quant  ty  of  thi  oico 
tricity  developei  A  current  of  negative  electric  ty  mav  m  hto  manner  b( 
supposed  to  flow  in  an  opposite  i^rection  iti  ciiiant  ty  augment  ng  w  ith  ca  t 
BucoeaavB  pair  of  plates.  This  action,  however,  would  stop  unless  an  outlc( 
were  given  to  the  accumulated  electricity  by  estabUshing  a,  communication 
between  the  positive  and  negative  poies  of  the  battery,  hy  moans  of  nires 
attached  to  tho  extreme  plate  at  each  end.  Whon  these  are  brought  into 
contact,  tho  galvanic  circuit  is  completed,  and  the  eleotricitica  meet  and  neu- 
triJize  each  other,  producing  the  various  clcetrical  phenomena.  The  clectrio. 
current  continues  to  flow  uninterruptedly  in  tho  circuit  so  long  as  the  chem 
ical  action  lasts. 
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Tho  aimplo  and  oompomid  voltaic  circuits  in  practical  nse,  which  in  ordi- 
nary language  arc  both  designated  ea  galvanic  battorie'  differ  considerably 
in  form  and  efficiency  The  gineral  prmcipleof  i 
13  tho  Bamo  as  tliat  of  the  original  voltaiL  piio 

231. 'P he  Trough  Baltery  — Onerf 
13  known  as  tbo  Trough  Battry  rcpresciiled 
trough  of  wood  diMcitil  mlo  water 
tight  cells,  or  part  lioiii,  each  cell 
being  arranged  to  reeen  e  a  pair  ot 
line  and  copper  plates.  Tlie  plitf-a 
are  attached  to  a  bar  of  ■n  oud,  and 
connected  with  one  ant  tier  by  me- 
tallic wires,  in  audi  a  n  av  that  every 
copper  plate  is  connected  with  tho 
Kiucplito  of  the  ntit  c^-E  Tlie  bat- 
tery is  oicited  by  means  of  dilute 
Bulphurio  acid  poured  into  the  celta, 
and  tho  current  of  electricity  is  di- 
rected by  viiros  soldered  to  the  ex- 
tromo  plates.  When  the  battery  is  not  in 
from  tho  trough  by  means  of  the  wooden  bar 

Tlio  battery.by  which  Sir  Humplirey  Davy  effeUed  his  splendid  chemical 
discoveries  was  of  this  form,  and  consisted  of  two  thousand  douljli  plates  of 
copper  and  ziui^  each  plalo  having  a  surface  of  thirty-two  square  AuLhcs. 
Now,  however,  by  improved  arrangements,  wo  caa  produce  with  tea  or 
twenty  pairs  of  plates,  effeela  every  way  superior. 

232.  Stnee's  Battery.— The  moat  easily  managed  j.jg  g^. 
f>rm  of  galvanic  batlery  at  present  used  is  tliat  invented  by 
Mr.  Smoe,  and  known  aa  Smee's  battery,  ^ee  Fig.  67.)  It 
condsla  of  a  plate  of  alver  coated  with  platinum,  suspended 
between  two  plates  of  zinc,  z  i,  the  surfiicea  of  which  last  have 
been  coated  with  mercury,  or  amalgamated,  as  it  is  oalleJ. 
The  three  are  attached  to  a  wooden  bar,  which  Eervca  to  sup- 
port tho  whole  in  a  tumbler,  G,  partially  filled  with  a  weak 
solution  of  sulphuric  acid  and  water.  Tlie  wires,  or  poles  for 
directing  the  current  of  elcetritily  arc  connected  witl 
and  platinum  plates  by  small  Ecrow-oups,  S  and  A. 

233.  Amalgamation  of  Zinc  .—The  introduction  of  tho  process 
of  amalgamating,  or  coating  the  zinc  plains  of  a  gBlvanie  circiut  with  mer- 
cury, constituted  on  improvement  of  great  value.  In  tho  original  fbrm  e( 
tho  galvanic  battery,  constructed  of  copper  and  ordinary  metallic  zinc,  the 
waste  of  the  latter  metal  by  the  action  of  the  exciting  acid  upon  it  was  very 
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lis  waste  is  diininiphed  in  an  ostra- 
time  diminishiug  the  production  of 
therefore,  oonatructed  with  amalga- 


phate  of  et  ppi,r  (blue 
PlO  68 


great ;  but  by  using  amalgamated  K 
ordioar;  degree,  without  at  the  at 
electridty.  AI!  improved  ba,tteriei 
mated  ziac. 

234.  Sulphate  of  Copper  Battery  —Another  form  of  battery, 
called  the  Bulpliate  of  copper  bittery  from  llio  fiict  that  a  solution  of  buI- 
rifl)  is  U3iid  as  tbo  exdting  liquid,  is  ropreBented  by 
Fig  63  It  consists  of  two  oouccntric  Cylinders  of  cop- 
per G  li^l  tl(  sillered  to  a  copper  bottom,  and  a  ziiio 
cjimd  r  Z,  Htting  in  between  thorn.  Two  scrow-eups 
tor  holding  the  connecting  wires  are  attached,  one  to 
the  outer  copper  cylinder,  and  the  other  to  tbo  zinc 

The  pr  no  pal  imperfection  of  the  galvanic  battery  ia 
tl  0  want  of  uniformity  in  its  action.  In  all  the  Tarioua 
form'!,  the  strength  of  the  electric  current  eicited  con- 
st mtly  detreaaca  from  the  moment  the  bittcrjr  action 
commences.  In  the  sulphate  of  copper  battery,  espe- 
c  illy  the  power  ia  reduced  in  a  eomparalely  si  ort  time 
to  almost  nothing  This  is  chiefly  on  mg  to  tho  circnm- 
fitance  that  the  metallic  pUtos  soon  become  coated  inth  tl  n  products  of  tho 
chemical  decomposition,  tho  result  of  the  chemioal  action  whereby  tho  elec- 
tricity is  developed. 

This  difficulty  is  obviated  in  a  great  degree  by  tho  use  of  a  diaphmgm,  or 
a  porous  and  permeable  partition  between  the  two  metallio  plates,  which  al- 
lows a  free  contact  of  the  liquid  on  both  sides  within  its  pores,  but  prevenla 
the  solid  products  of  the  chemical  action  from  passing  from  one  metallic  plato 
to  the  other.  Bladder,  leather,  clay,  porco- 
lain,  cloth,  etc,  have  been  used  for  this  pur- 


Fig.  69. 
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conatruLted  according  to  the  above  described 
principle  and  represenl^d  by  Fij,  bS  main- 
tarns  an  eficctiv  o  galvanii,  action  longer  than 
an]  otlior  Tho  outer  ease  C,  consists  of  a 
cell,  or  cvhndcr  of  copper  which  is  so  con- 
structed as  to  rttam  hquids,  and  is  lilled  with  .1 
solution  of  sulphate  of  copper,  B,  acidulated 
With  one  eighth  of  ita  bull:  of  sulphuric  acid. 
The  solution  la  kept  saturated  mith  the  salt 
by  means  of  crvstals  of  sulphate  of  copper, 
D,  w  1  ich  rest  upon  tin  perforitcd  shol^  F. 
n  die  center  of  the  cell  la  placed  a  tube  of  porous  earthen  ware  E  filled  with 
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an  acid  solution,  A,  which  coiiaista  of  one  pnrt  or  salpburic  aoiii  diluted  ivitli 
seffen  parts  of  water.  A  rod  of  zinc,  Z,  la  placed  in  tliis  tube.  On  roakiug  a 
metallic  eommumcation  between  the  zinc  rod  and  the  cupper  cell,  a  voltaic 
current  is  established. 

236.  Grove's  Balterjr  .—One  of  fho  most  efficient  batteries  is  that 
known  as  Grovu'a  battery,  from  its  inventor,  and  is  tlie  form  generally  used 
for  lelagraphing,  and  other  purposes  in  which  powerful  galvanic  action  is  re- 
quired. It  is  constructed  upon  the  same  general  principle  aa  Daniers  batteiy, 
and  con^sta  of  a  plain  glass  tumbler,  in  which  is  placed  a  cylinder  of  amal- 
gamated ziDC,  witli  an  opening  on  one  aide  Ui  allow  a  free  dreulation  of  tho 
liquid.  Within  this  cylinder  is  placed  a  porous  cup,  or  cell  of  earthenware, 
in  which  ia  suspended  a  atrip  of  platinam  festened  to  the  end  of  a  sdno  arm 
projecting  from  the  adjoining  zinc  cylinder.  The  porous  cup  containing  llio 
platinum  is  filled  with  strong  nitric  acid,  and  the  outer  veasol  containing  tho 
Einc  with  weak  sulphuric  acid.  Fig.  10  represents  a  series  of  tlieso  cups, 
arranged  to  form  a  Conipomid  cir- 
cuit with  their  terminal  poles  P  ^■<'-  '0. 
and  Z  Ihis  fo  m 
otjeot   nable  on     cc  un 

crop  oyed  lud  th  le     us 


Current . — The  amount  of  force  or  of  electricity  which  circulates  in  a  gal- 
vanic circuit  does  not  depend  wholly  upon  the  energy  of  the  cliemical  action 
which  is  exerted  between  the  generating  metil  and  the  exciting  liquid 
"The  current  esprienees  a  retardation  or  reistanco  from  tlie  veir  oonduc 
tore  by  which  its  mfluonoe  is  tmnomitled  just  as  m  the  tran'misBion  of 
mechanical  force  in  an  arrangem  nt  of  machine r\  the  mtcnentitn  of  tho 
pivola  and  levers  ahich  are  reiuirf,i3  for  its  conTciance  mtrodiicea  ad 
ditjonal  fnction  and  additional  weight,  which  ■jre  re  luircd  to  tie  overetmo 
or  moved  and  whidi  thus  dunmish  tie  efBcient  pontr  of  the  mad  me  — 

MlLLBE. 

The  resistances  rf  the  gahanw  current  arise  from  the  imperfect  conduct 
ing  power  of  the  liq  ii  I  winch  is  emplored  to  ex  itn  it  and  of  tl  e  flate" 
wires,  etc    tho  rcsiBtmee  off  red  by  the  hquid  being  Hie  more  conaiderablo 
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of  tlie  two.  Tlio  further  Iho  plates  are  removed  fiom  each  other  in  the  liquid, 
and  the  louger  the  toliima  ol'  imperfectly  condui^tiQg  matter  wliich  the  cleo- 
triaity  ia  obliged  to  traverse,  the  greater  the  rcaistanoe.  The  aatne  tiling  is 
also  &ae  of  the  conducting  wire.  A  wire  ono  tootli  of  an  incli  in  diajnetor, 
will  for  eqiiiil  lengths  olicc  four  times  the  resiatacue  of  a  wire  two  tenths,  or 
one  flrth  of  an  inch  thick. 

238.  CharaeterUlics  of  Ordinary  and  lialTanic   EleC' 

tricily.— Electricity  in  its  ordiuary  maoifestations,  as 
when  developed  liy  fiiction  or  by  an  electiical  machine, 
exhibits  itself  ia  sudden  and  intermitted  shocks,  accom- 
panied with  a  sort  of  explosion ;  galvanic  electricity,  or 
electricity  produced  by  chemical  action,  is,  on  the  contrary, 
a  steady  flawing  current. 

The  electricity  evolved  by  a  single  galvanic  circle  is 
great  in  quantity,  but  weak  in  intensity. 

The  I'lootricity,  on  the  contrary,  produced  by  friction, 
or  that  of  a  thunder-cloud,  is  small  in  quantity,  but  of 
high  tension,*^  or  intensity. 

These  two  qiialitios  may  be  compared  to  heat  of  different  tempcraturea.  A 
gallon  of  water  at  a  temperature  of  lOO"  has  a  greater  quaatity  of  heat  than 
&  pint  at  200° ;  tut  the  heat  of  tlio  latter  is  more  intense  than  that  of  the 
former.  Again,  in  the  phosphorescence  of  the  sea,  wliieh  often  spreads  over 
thousands  of  miles,  we  have  an  illustration  of  light  very  feeble  in  intensity, 
but  enormous  in  quantity. 

339.  Quantity  and  Intensity,  how  Measured  .—We  meas- 
ure the  quaality  of  electricity  in  many  ways ;  but  most  cooTeniently  by  tlio 
funount  of  any  chemical  compounti  which  it  Can  decompose.  A  machine  or 
battery,  for  example,  wliich,  when  arranged  so  asto  decompose  water,  evolves 
lh>m  it  four  cubic  inches  of  os^ygen  and  hydrogen  in  one  minute,  is  funiishmg 
twice  the  quantity  of  electricity  supphed  by  an  apparatus  which  evolves  only 
two  cubic  inches  of  the  ga^es  in  the  same  time. 

Tho  iniensHy  of  electricity  is  less  easily  measured ;  but  it  is  comparatively 
d  by  the  ease  with  which  it  can  travel  through  bad  conductors;  by 
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its  power  to  oyercome  energetic  diemicid  affinity,  ench  as  that  which  binds 
bother  the  elements  of  water ;  by  tbe  length  of  space  across  which  it  can 
pass  (dirough  dry  £ur  (as  in  the  case  of  a  %htiiing  flash  striking  a  tj^e  from  a 
great  diataoue);  by  the  attractions  aud  repulsions  it  produces  in  light  bodies; 
and  by  the  severity  of  the  ^ock  it  occasions  to  living  animals. 

GalTaoio  electricity  will  traverse  a  circuit  of  2,000  miles  of  wire,  rather 
than  moke  a'short  circait  by  overleaping  a  space  of  relating  air  not  exceed- 
ii^  one  hundredth  part  of  an  inch.  FrioKonal  electricity,  on  the  other  hand, 
will  force  a  passage  across  a  considerable  interval,  in  preference  to  taking  a 
long  circuit  through  a  conducting  medium. 

The  asserrion  is  within  bounds,  that  the  whole  electricity  of  a  destructive 
thander-slonu  would  not  suffioo  for  the  ek'ctro^lding  of  a  sit^lo  pin — so  m- 
^□iflcimt  is  its  amount.  A  small  copper  wire,  dipped  into  an  acid  along 
with  a  wire  of  zinc,  would  evolve  more  electricity  in  a  few  seconds  than  tho 
largest  friction  electrical  machine,  kept  constantly  revolving,  would  famish 
in  many  weeka.  Ko  shock,  on  tho  other  liand,  would  be  occasioned  by  tho 
electricity  from  the  immersed  mires ;  nor  would  it  produce  a  spark,  ot  de- 
compose water — so  low  is  its  Intensity.  A  galvanic  batteiy  of  many  plates 
will,  however,  produce  electricity  of  sufficient  intensity  to  kill  a  large  animal, 
and  produce  ether  cBects  analogous  to  lightning. 

Electricity  of  intensity  then,  or  tension -electricity,  is 
electricity  charaeterized  by  the  greatness  of  its  intensity— 
or  whose  intensity  is  greater  than  its  quantifcy.  Electricity 
of  (quantity,  on  the  other  hand,  has  its  quantity  greater 
than  its  intensity. 

The  intenaty  diminishes  as  the  quantity  increases ;  but  the  ratio  which  tho 
one  hears  to  tbe  other  differs  through  a  very  wide  scale,  so  that  a  knowledge 
of  the  degree  of  the  one  docs  not  often  enable  us  to  predicate  lie  amoimt  of 
the  other.  Practically,  we  have  no  difficulty  in  reducing  both  to  a  minimum, 
or  in  esalting  the  one  whilst  we  reduce  the  other  ;  but  we  can  not  at  once 
exalt  boUi  intensity  and  quantity.  The  discovery  of  a  metliod  of  effecting 
this  will  make  a  new  era  in  the  science ;  and  admit  of  the  most  important 
applications  to  tho  useful  arts. 

240.  Practical  Applications  of  Electricity  ofQaan- 
tity  and  Int«nsity . — In  tlie  arts,  it  depends  much  upon  the  purpose 
to  which  electricity  is  to  be  appUed  whether  it  should  he  chosen  great  in 
quantity,  or  great  in  intensity.  If  the  chemist  deares  to  analyse  a  gaseous 
mixture  by  exploding  it,  he  will  use  an  electrical  machine  io  supply  a  mo- 
mentary spark  of  great  intanaty.  But  the  electro-plater,  who  has  constantly 
to  decompose  a  compound  of  gold  or  silver,  employs  a  small  voltaic  battery — 
which  furnishes  great  quantities  of  electricity  of  coosiderahlo  intendty.     Tho 
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electric  light  roquirca  both  quantity  and  intensity  to  bo  very  great  The 
electric  telegraph  dem^iida  great  qaantitj,  but  tlie  intensity  need  not  be  very 
high. 

241.  Elcclro-chemical  Decomposition. — Whenacurrent 
of  galvaDic  electricity  is  made  to  pass  through  a  compound 
liquid,  composed  of  one  conducting  and  one  non-conduct- 
ing substance,  its  tendency  is  to  decompose  and  separato 
it  into  its  constituent  parts. 

212.  Deoomposilion  of  Water  .—The  most  remarkable  illustra- 
tion of  this  power  is  to  bo  found  in  the  decomposition  of  water.  This  sub- 
Btance  ia  composed  of  two  gases,  oxygen  and  hydrojjtsn,  united  in  the  propor- 
tions of  one  measure  of  the  former  to  two  of  the  latter.  When  two  ^li  or 
platinnm  wires,  conuecled  with  tlie  opposite  ends  of  a  galvanic  batter)',  are 
placed  in  water  at  a  short  distance  from  each  other,  the  water  is  decomposed. 


are  placed  over  the  platinum  poles,  as  is  represented  in  Pig. 
J 1,  wa  can  collect  the  bubbles  as  they  rise,  the  volume  of  the 
hydrc^n  being  twice  as  great  aa  Uiat  of  the  oirygcn. 

When  copper  wires,  or  the  wires  of  motala  which  tend 
strongly  to  unite  with  oxygen  are  employed,  gas  escapes  trom 
one  wire  only ;  whilst  if  plaljnum  or  gold  wires  be  used,  gas 
_  is  evolved  from  both.  In  the  first  case,  the  oxygen  combinea 
with  the  copper  or  other  oxydizable  metal,  and  forijs  an 
oxyd,  which  ia  dissolved  by  the  hquid,  and  therefore  hydro- 
gen alone  escapes ;  in  the  second  case,  both  gases  are  evolved, 
since  neither  platinum  nor  gold  has  suMcient  chemical  affinity  for  oxygen  to 
combine  with  it  at  the  moment  of  its  liberation. 

243.  Electrodes  — The  term  electrode  is  often  used  to  designate  the 
poles  of  a  galvanic  battery.  It  is  especially  applied  in  those  eases  in  which 
the  connecting  wires  of  a  circuit  are  terminated  withatripa  of  plathium,  gold, 
charcoal,  or  aomo  other  good  conducting,  non-osydlaable  substance. 

U-i.  Theory  of  Electro-chemical  Decompusi t ion.— 
Scientific  men  are  not  fully  ^reed  upon  the  explanation  of  the  phenomenon 
of  cliomical  dccomposiUon  by  meaoa  of  the  galvanic  current  A  general  idea 
of  wlint  takes  place  may  perhaps  be  best  gained  from  what  ia  called  the 
electro-chemical  theory.  According  to  this,  chemical  attractions,  which  wo 
diatingtiish  by  the  name  of  alEnity,  and  electrical  attractions  depend  on  the 

tor.     Every  atom  of  matter  is  regarded  as  charged  in  respect  to  all  othtr 
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■toma,  with  either  positive  or  iw^ativo  cleclrieity.  In  tlio  caae  of  water, 
liydrt^en  is  the  eleotro-positiTS  element  and  oxygen  the  eieetro-negative  ele- 
ment. It  has  been  already  shown  that  bodies  in  opposite  electrical  Elatea  are 
attracted  by  each  other.  Hence,  when  the  poles  of  a  galvanic  battery  ore 
immersed  in  water,  the  negalave  pole  will  attract  the  positive  hydrogen,  and 
the  poaitive  pole  the  negative  oxygen.  If  Uie  attractive  force  of  the  two 
electriddea  generated  by  the  battery  is  greater  than  the  attractive  force  which 
unites  the  two  elements,  oxygen  and  h3-drogeD,  together  m  the  water,  the 
compomid  will  be  decomposed.  Upon  the  same  principle  other  compound 
substances  may  be  decomposed,  by  employing  a  greater  or  leas  amount  of 
electricity.  la  this  way  Sir  Hmophroy  Davy  made  the  discovery  that  potash, 
soda,  lime,  and  other  bodies,  were  not  simple  in  their  nature,  as  liad  pre- 
viously been  supposed,  but  compounds  of  a  metal  with  oxygen. 

This  theory,  as  presented,  is  not  received  as  strictly  in  accordance  with  the 
&et.  Becent  eirperimenta  of  Faraday  have  proved  that  the  electridtj  which' 
decomposes,  and  that  which  is  evolved  by  the  decompoation  of  a  certtun 
quanljty  of  matter,  are  alike.  Thus,  water  is  composed  of  osj^n  and  hydro- 
gen ;  now,  if  the  electrical  power  which  holda  a  grain  of  water  in  combina- 
tion, or  which  oauaea  a  grain  of  oiygen  and  hydrn^n  to  unite  in  the  right 
proportions  (o  form  water,  could  be  collected  and  Ihrovm  into  a  voltaic  cur- 
rent, it  would  be  exactly  the  quantity  required  to  produce  the  decomposition 
of  a  grain  of  water  or  the  liberation  of  ita  elements,  oxygen  and  hydrogen. 

The  quantity  of  electricity,  however,  which  ia  required  to  effect  chemical 
decomposition  is  enormous.  Faraday  oatimales  the  amount  of  electricity  re- 
quired to  decompose  a  single  grain  of  water  to  be  equal  to  that  evolved  by  a 
powerful  flash  of  lightning. 

245.  Limits  of  the  Decomposing  Aetion.— Decomposition 
by  the  agency  of  the  electric  current  takes  place  solely  at 
those  points  where  the  electricity  enters  and  leaves  the 
liquid. 

Thus,  when  a  porlJon  of  water,  for  example,  is  subjected  to  decomposition 
in  a  glass  vessel  with  parallel  sides,  oxygen  is  disengaged  at  the  positive 
electrode,  and  hydrogen  at  the  negative,  tlie  gases  being  perfectly  pure  and 
unmixed.  If,  while  the  decomposition  is  rapidly  proceeding,  the  inteivenir^ 
water  is  carefully  examined,  not  the  slightest  disturbance  or  movement  of 
any  kind  will  be  perceived ;  nothing  like  currents  in  the  liquid,  or  transfer  of 
gas  from  one  p^t  to  the  other  can  be  detected ;  and  yet  two  portions  of 
water,  separated  by  an  interval  of  four  or  five  inches,  may  be  respectively 
evolvu^  pure  hydrogen  and  osjgon.  Now,  since  wo  know  that  every  par- 
ticle of  water  is  composed  of  oxygen  and  hydrogen  in  the  exact  ratio  of  two 


QUBBTIOBS.— Riplall 

1  thi 

,a«y™ 

ipMltl™  ol 

'wa 

t«r. 

What 

ehemicnl  decnrnpocilio 

iprantaot 

igl 

acdon  Hike  pl»c8  f    111 

peot 

lathiai 

beiiaturaUyeipctledi 

HnjtcdbyGoOglc 


150  PEINCIPLES     OF     CnEMISTRY, 

measures  of  the  latter  to  one  of  the  former,  it  would  naturally  be  at 
that  the  electric  curreat  having  separated  the  oxygen  at  ono  point,  hydro. 
goQ  vrauld,  having  lost  its  combining  element,  also  eaeapo  aC  tlio  same  point. 
This,  however,  is  not  fhe  ease,  and  great  difficulty  lias  been  experienced  in 
accounting  for  it. 

The  difficolty  will  bo  more  evident,  says  Mr.  Hunt,  if  we  talie  the  esperi- 
ment  on  a,  larger  scale ;  for  example,  if  on  ono  side  of  a  wide  river  the 
positive  pole  is  placed  in  the  water,  and  the  negative  pole  on.  the  other,  wo 
Bliall  still  have — the  battery  being  of  sufBeient  power — osygen  given  off  on 
one  side  of  the  river,  while  hydrt^en  would  be  evolved  at  the  other. 

The  following  is  the  received  explanation  ; — The  aiTangement  of  the  par- 
iiciea  constituting  a  line  or  layer  of  water  between  the  poles  of  a  galvanic 
circuit  may  be  represented  as  follows,  the  positive  atom,  hydr<^n,  of  each 
particle  of  water  being  turned  by  the  influence  of  the  electricity  toward  tiie 
negative  polo,  and  tho  negative  atom,  oxygen,  toward  the  po^tivo  pole — 
Positive  polo  —  O  H,  OH,  OH,  OH,  OH,  O  H  —  Negative  pole. 
Tho  same  thing  may  be  also  iUiuitrated  in  Fig.  72,  where  the  particles  of 
t,.„   ,,„  water  are  supposed  to  be  spherical,  the  shaded 

portion  of  each  sphere  representing  the  hydro- 
gen half  of  tho  particle,  and  the  light  portion 
"~  'ftfiC'fcrftnfl   "~    ""*  ox^;en  half. 

j_  f-''^'^*'-'^'^  B  jf  the  positive  pole  is  placed  on  tho  left  and 
tlie  aegaWve  on  the  right,  oxygen  passes  olf 
from  the  fitsl,  and  hydrogen  from  the  last;  if 
we  reverse  the  poles,  the  order  of  the  decomposition  is  changed  also.  It  is 
not,  however,  to  be  supposed  that  when  H.  is  liberated  from  0.  at  the  nega- 
tive pole,  that  the  O.  of  that  particle  passes  over  along  the  line  to  tlie  positive 
pofe  ]  but  tho  view  taken  is,  that  as  soon  as  the  atom  of  oxygen  loses  its 
hydrogen,  it  combinfs  with  the  atom  of  hydr<^n  of  the  nest  particle  of 
water,  and  a  new  particle  of  water  ia  reproduced.  The  oxj^n  of  the  second 
particle  being  thereby  liberated,  combines  with  the  hydrogen  of  tlie  next 
particle  of  water,  and  thus  tho  decomposition  and  recomposition  is  continued 
on  to  the  end  of  the  series.  Eesorting  again  to  symbols,  Ko.  1  will  repre- 
sent the  state  of  things  l>efore  any  change  has  been  effected,  and  So.  2  the 
change  after  the  circuit  is  complete — ■ 

No.  1.  +  0  H,  0  H,  0  H,  0  II,  0  II  - 

No.  2.  -f  0,  U  0,  H  0,  II  0,  n  0,  H  - 
It  should  also  be  borne  in  mind,  tliat  the  changes  described  are  not  buc- 
cessive,  but  amultaueous  at  each  end  of  the  series  of  particles,  and  at  all 
intervening  points  in  the  line  of  the  series. 

246.  Electrolysis  nnii  Electrolj'tes.— The  process  of  re- 
Bolving  compounds  into  their  constituents  by  electricity  is 
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termed  Electrolysis,  and  a  tody  susceptible  of  such  de- 
composition ia  termed  an  Electrolyte. 

No  elemeutajy  aubstonce  can  be  an  electrolyte  ;  for  from  the  nature  of  the 
process,  compqunda  alone  are  susceptible  of  electrolysla  Blectrolras  occurs 
only  whilst  the  body  is  in  the  liquid  atato.  The  free  mobility  of  the  paitidea 
which  form  the  1>ody  undei^iog  deeompositiou  ia  a  necessary  condition  of 
electrolysis,  aiiice  the  operation  is  always  altcnded  by  a  transfer  of  the  com- 
ponent particles  of  the  cleotrolyto  in  opposite  directions. 

The  passage  of  a  current  of  electricity  through  the  liquid  uaed  in  tie  cells 
or  cupa  of  a  galvanic  larouLt  dependa  upon  the  decomposition  of  its  particlea,  in 
the  same  manner  aa  ia  the  case  of  water.  No  fluid,  therefore,  which  is  not 
an  electrolyte,  or  in  other  words,  which  is  not  capable  of 'being  decomposed, 
is  auitable  for  exeitii^  a  battel^. 

247.  Electro-ehemieal  Order  of  the  Elements.— AH  the 
elementary  substances,  according  as  thcyappear  at  the  posi- 
tive or  negative  poles  of  a  galvanic  circuit,  have  been  classi- 
fied into  electro-positive  and  electro-negative  rnbstances. 

In  the  following  table  the  most  important  of  tho  cIomGnts  aio  rrrajiged  in 
the  order  of  their  relative  negative  and  positive  properties,  the  most  intensely 
negative  element  being  placed  at  tho  top  of  tho  series,  and  the  most  intensely 
positive  at  tho  bottom : 

ELECTBO-lfEGATivE.— Oxygea 
Sulphur. 

Chlorine. 

Fluorine. 

Oaitx>n. 

Phosphorus. 

Hjdrt^en. 

Gold. 

Platinum. 

McrcuTj. 

savor. 


Lead. 

Iron. 

Zinc. 

Sodium. 

Potassium. —Electeo-posit 
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In  IJiis  arrangement,  each  metai  U  positive  as  respects  all  that  Btand  before 
it,  and  negaUve  as  reapect  thosa  that  Bucceed  it.  Oxygen  is  n^ative  in  every 
combination,  and.  potassium  appears  to  be  unilbrmly  positive.  Hydrogen  ia 
highly  poative  when  compared  wiUi  oxygen  and  chlorine,  but  with  metals  it 
always  exhibits  negative  electric  energy. 

248.  Eleetro-metallurgy,  or  electrotyping,  is  the  art  or 
process  of  depositing,  from  a  metallic  solution,  through 
the  agency  of  galvanic  electricity,  a  coating  or  film  of 
metal  upon  some  other  substance.* 

The  process  is  based  on  the  iact,  that  when  a  galvanic 
current  is  passed  throTigh  a  solution  of  some  metal,  as  of 
Bulphate  of  copper  (suljihuric  acid  and  oxyd  of  copper), 
decomposition  takes  place  ;  the  metal,  being  electro-posi- 
tive, attaches  itself  in  a  metallic  state  to  the  negative 
pole,  or  to  any  substance  that  may  be  attached  to  the 
negative  pole ;  while  the  oxygen,  or  other  electro-nega- 
tive element  before  ia  combination  with  the  metal,  goes 
to,  and  is  deposited  on  the  positive  pole. 

In  this  way  a  medal,  a  wood-ongraving,  or  a  plaster  cast,  if  attached  to  llie 
negative  pole  of  a  battery,  and  placed  in  a  solution  of  copper  opposite  to  the 
poative  pole,  will  be  covered  with  a  coating  of  copper ;  if  tiie  solution  con- 
tains gold  or  silver  instead  of  copper,  the  substance  wiU  be  covered  with  a 
coatmg  of  gold  or  silver  in  the  place  of  copper. 

The  thickness  of  the  deposit^  provided  the  supply  of  the  metallic  solution 
be  kept  constant,  will  depend  on  tlie  lengtli  of  time  the  object  is  exposed 
to  the  influence  of  the  battery. 

In  thia  way,  a  coating  of  gold  thinner  than  the  thiuneat  gold-leaf  can  bo 
laid  on,  or  it  may  be  made  several  inches  or  feet  in  thickness,  if  desired. 

The  usual  arranRement  for  conductii^  the  electrotype  prooeaa  is  represented 
by  Kg.  13  It  conasts  of  a  trough  of  wood,  or  an  earthen  vessel,  containing 
the  solution  of  tiie  metal,  the  decomposiOon  of  which  ia  doarod — for  example, 
sulphate  of  copper.  Two  wires,  one  connected  with  the  positive,  and  the 
other  with  tlie  negative  pole  of  a  battery,  Q,  are  extended  :dong  the  top  of 
the  trough,  and  supported  on  rods  of  dry  wood,  B  and  D.  The  medal,  or 
other  arljele  to  be  coated,  is  attached  to  the  extremity  of  the  nogativo  wire 


plasUe,  galFimo-typc. 
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and  a  plate  of  metallic  copper  to  the  end  of  the  positive  wire.  When  botli 
of  these  are  immersed  in  tiid  liquid,  the  action  commences — the  sulphate  of 
copper  is  decompoaed — the  copper  being  deported  on  the  mKdal  attached 
to  tho  negative  pole,  and  the  OJiygon,  before  combined  with  it,  on  the  copper 
plate  attached  to  the  positive  pole,  forming  osyd  of  copper.  As  the  with- 
drawal of  tho  metal  from  the  solution  goes  on,  the  oxyd  of  copper  thus  formed 


nnil«s  with  the  sulphnnc  acid  which  is  liberated  in  the  solnt  on  and  forms 
sulphate  ot  copper  This  dissolv  ng  in  the  liqiul,  miinta  ns  it  at  a  corislant 
Etangth. 

The  sole  object  of  attaching  a  plat*  of  metailic  copper  to  tlio  positive  pole 
is  to  thus  preserve  the  strength  of  the  solution  of  sulphate  of  copper.  If  tho 
poative  pole  had  terminated  with  a  plate  of  platinum  or  gold,  tlie  action 
would  have  commenced  equally  well,  but  tlie  oxygen  liberated  from  the  cop- 
per, through  its  want  of  affinity  to  either  tho  platinum  or  the  gold,  would 
have  escaped  as  gas,  and  the  solution  gradually  becoming  weaker  trom  the 
withdrawal  of  its  elements,  the  electro-plating  action  would  cease.  When  the 
operator  judges  that  the  deposit  on  the  medal  is  auflUdently  thick,  he  removes 
it  fmm  the  trough,  and  detaches  the  coating.  The  deposit  ia  prevented  from 
adhering  to  the  medal  by  rubbing  its  sur&ce  in  the  Brat  instance  with  oil,  or 
black-lead,  and  if  it  is  desired  that  any  part  of  the  surface  should  be  left  un- 
ccated,  that  portion  ia  covered  with  wax,  varnish,  or  some  other  non-con- 
ductor. 

In  this  way  a  most  perfect  reversed  copy  of  the  medal  is  obtained— that  is, 
the  elevations  and  depresaons  of  the  oripnal  are  reversed  .in  the  copy.  To 
obtain  a  fee-simile  of  the  original,  the  electrotype  cast  is  subjected  to  a  repe- 
Utlon  of  the  process. 

In  general,  it  is  found  more  convenient  to  mold  the  object  to  be  rcpro- 
dvHBd  in  wax,  or  Plaster  of  Paris.  The  surface  of  this  cast  is  then  brushed 
over  with  blaek-lead  to  render  it  a  conductor,  and  the  metal  deposited  directly 


The  d 


t  obtained  will  tlien  exactly  resemble  the  original  oh- 
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The  pages  and  engravioga  in  the  book  before  the  reader  aro  illuBtrations  of 
the  perfection  and  practical  application  of  the  elcetrotype  procesfl.  The  en- 
gravings  were  first  cut  upon  wood-blocks,  and  tlicn,  in  combination  with  the 
ordinary  type,  fcnaed  into  pages.  Casta  of  the  whole  in  wai  were  then 
made,  and  an  electrotjpe  coat  of  copper  deposited  upon  tbem,  and  from  the 
copper  plat«3  so  formed  the  book  was  printed.  The  great  advantage  of  Ihia 
Is,  that  the  copper  being  harder  than  the  ordinary  type  metal,  is  more  durable, 
and  resists  tlie  wear  of  printing  from  its  surface  for  a  longer  period. 

The  improvement  effectfld  by  electro- metallui^y  in  engravii^  ia  very  great 
"When  a  copper  plato  ia  engraved,  and  impresaions  printed  off  from  it,  only  the 
first  few,  called  "  proof  impresaions,"  possesa  the  linenesa  of  the  engraver's 
delineation.  The  plate  rapidly  weaj^  and  becomes  deteriorated,  Eut  hy  the 
electrotype  process,  the  ordinal  plate  can  at  once  bo  multiphed  into  a  great 
many  plates  aa  good  as  itself  and  an  unlimited  number  of  the  fnest  impres- 
sions procured. 

In  this  way  the  map  plates  of  the  Coast  Survey  of  the  United  States,  some 
of  which  require  the  labor  of  the  engraver  (or  year",  and  cf  st  U  ousands  of 
dollars,  are  reproduced — the  onginal  j.late  being  never  pnrt^d  Ikim 

The  metals  upon  which  an  adhtr  nt  t  at  ng  vt  siher  or  gold  la  most 
readily  depoated  are  brass,  copper  bronze,  and  German  eili  er  The  articles 
to  be  plated  or  gilded  must  be  carefully  cleansed  tVom  all  adhering  greasy 
matters  by  boiluig  them  in  a  weak  alkahne  solution  and  then  rut  bii  g  tbem 
with  chalk,  rotten-stone,  etc.  The  articles  are  then  carefully  Hashed,  at- 
tached to  a  clean  copper  wire,  and  immursed  in  tl  e  silver  ng  soli  tion  The 
deposit  is  hastened  by  keeping,  the  solut  on  tnoJerafcIj  warm  especially  at 
tJio  commencement  of  the  procL=a.  The  article*!  wl  en  phted  1  ave  a  dead 
white,  or  chalky  appearance,  but  by  1:  urnish  ig  they  assume  the  br  D  ant  lus- 
ter of  polished  silver.* 

249.  Proleetion  of  Metals  from  Corrosion.— When  two 
metals  which  are  positive  and  negative  in  their  electrical 
relations  to  each  other,  are  hrought  in  contact,  a  galvanic 
action  takes  place  which  promotes  chemical  change  in  the 
positive  metal,  hut  opposes  it  in  the  negative  metal. 

Thus,  when  sheelB  oH  zinc  and  copper  immersed  in  dilute  add  touch  each 
other,  the  zinc  osydizca  or  rusts  more,  and  Uie  copper  less  rapidly,  than 

'  The  Ce&cher,  for  oJ^periniEnt,  chd  beat  illus-tratE  the  depasLtion  of  motAl^  by  dcctro- 
chemical  artlori  to  Uiq  fblLoniD^  manner  ; — Put  b  piqre  of  ^Irer   111  4  glaHB  contuning  & 


-Hl>w- hat  the  elertrotjpo  pTocees  nffented  the  irt  of  engrnving  ?  Whnt  itr 
H  of  the  proeeHB  of  eteptro-plating  and  gnding  t  Under  irliit  dnanoitance 
iTolflcted  from  chemicril  action  ?    Itlastrale  tbls. 
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without  contact  Iron  nails,  if  used  in  fastening  copper  ahcatliing  to  vessels, 
mat  much  quiclser  thaa  when  in  other  situations,  not  in  contact  mitli  Ihe 
capper.  The  reason  of  this  is,  tiiat  tiie  two  metals,  in  consequence  of  the 
electricity  developed  bj  tlieir  union,  are  placed  in  oppo^te  eleouical  condi- 
tions. The  copper  vhich  is  ordinarily  positive,  is  rendered  negative  by  the 
contact  of  the  ainc,  or  iron ;  it,  therefore,  is  not  only  entirely  wanting  in  at- 
traotion  for  the  negative  corroding  oxygen  of  the  air,  or  water,  on  the  prin- 
ciple that  bodies  similarly  electritied  repel  eacli  other,  but  even  has  a  tendency 
to  abandon  any  oicvgon  with  nhch  t  may  hive  prer'ously  combined  The 
zinc  and  iron,  on  the  contrary  m  -v  rtuo  oJ  Uio  exaJtat  on  of  the  i  naturally 
I>ositive  condiHon,  corab  nu  th  tho  negati  e  oxj  gen  most  read  1}  on  the 
principle  that  bod  es  n  the  onjala  electr  al  cond  1  on  attract  end  other 
The  positive  metal,  tl  refore  oxydizes  m  gt  sptudily  while  the  nega  ve 
metal  remains  un  njured 

What  is  called  galvwiued  mn,  is  ■on  covered  entirely  or  m  part  with  t 
coating  of  ainc.  Tl  e  galvan  c  a  t  on  between  the  two  oxydizes  the  a  e 
but  protects  the  UDn  Iro  n  rust  'lir  Hu  nphrey  Davy  a  tempted  lo  applj  th  s 
prindple  to  the  prot«  ton  of  tie  copper  sheatlmg  of  8hps(wl  1  wastes 
rapidly  through  the  acton  of  the  ox  gin  n  sea  water)  by  placng  at  nter 
vals  over  the  coppar  small  str  ps  of  zinc  The  e\penment  was  tned  and  a 
piece  of  ainc  as  Urge  as  ■»  pea  n  aa  f  un  1  adequate  to  preserve  forty  or  fifty 
square  inches  of  copper  and  hs  nherever  t  was  pliced  whetleratthe 
top,  bottom,  or  Idle  of  tha  s]  eet  cr  under  nl  ^tever  form  t  was  used. 
The  vain »  of  tie  appl  citi  n  wis,  however  neutral  zed  It  i  consequence 
w  1  ich  had  not  boea  foreseen  i  nco  tl  protected  copj  er  bottom  rap  dly  ac- 
qiffed  a  coitrnj,  of  seaweeds  and  shell  flal  wloae  fncton  n  the  witer 
became  ■>  seruus  re^^tance  to  the  motion  ol  the  vessel.  The  adh.sion  of 
tli-<e  under  ordinary  cu't  imstancra  js  presented  by  tho  corroaioc  cf  the 
copper  by  o\rgen,  and  by  the  poisonous  iction  of  the  compounds  of  copper 
and  OS]  ijen  which  are  thereby  formed 

The  principle,  however,  has  been  applied  with  aaooeas  for  the  protection 
of  iron  pans  used  in  evaporating  sea-water>  and  in  other  simOar  apparatus. 

QDraTioKS.— Hoir  is  ihls  action  accounted  for!  What  is  galvanized  iron?  Wile'. 
praoUcgl  sppll-itToo  of  fSis  principle  was  allempted  by  Sir  Hamphraj'  Davyf 
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That  department  of  Chemistry  whicli  treats  of  inor- 
ganic, or  unorganized  bodies,  ia  termed  Inorganic  Chem- 
istry, 

It  iocludea  the  doctrines  of  affinity,  the  lawa  of  combi- 
nation, the  chemical  history  of  the  elementary  bodies,  and 
of  those  compounds  of  the  elements  which  are  not  the  pro- 
duct, either  directly  or  indirectly,  of  living,  organized  bodies. 


CHAPTER    y. 

THE    GENERAL    PRINCIPLES   OF    CHEMICAL   PHILOSOPHY. 

250.  Elements.— A  chemical  element  is  a  material  sub- 
stance not  yet  analyzed  or  taken  apart — -not  yet  resolved 
by  any  process  into  two  or  more  bodies  differing  from 
itself. 

No  one  Bubsianoe  within  the  reaoh  of  man  la,  liowovor,  positively  known  to 
be  elomoutary  ;  and  tlio  student  should  dLstinotlj  nndorstand,  that  it  can  not 
rightiy  be  inferred,  because  a  body  liaa  not  yet  by  any  known  process  been 
decomposed,  that  it  never  will  be. 

251,  iVumbec  of  (he  Elements. — The  number  of  elements 
at  jiKsent/uUy  recognized  by  chemists  is  sixty-two.  Of 
these  only  twenty-nine  were  linown  at  the  commencement 
of  the  present  century." 


is  tli«  number  of  th 
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252.  Classification  of  the  Elements.— The  elements  are 
iiaually  divided  into  two  great  classes,  the  metallic  and 
non-metaliic  substances,  or  the  Metals  and  the  Metalloids. 
The  substances  comprised  in  the  first  class  are  the  more 
numerous,  but  those  in  the  latter  are  the  more  abundantly 
distributed.  ** 

Of  the  sixty-two  elemects,  five  ara  gases,  viz^  ox^en,  iiydri^D,  nitrogen, 
clilorine,  and  fluorine  ;  two  aro  simple  liquids,  mercury  and  bromine  |  the  re- 
Biainder  aro  solids,  at  common  temperatures.  Only  fourteen  of  llie  elements 
are  of  common  ooourrence,  and  of  tiieso  the  great  mass  of  tbo  cartli,  with  its 
atmosphere  and  water,  are  composed.  The  remainder  occur  only  in  com- 
paratively small  quantities,  and  fully  one  third  of  the  whole  number  are  so 
rare  as  not  to  admit  of  any  useful  application. 

A  very  few  only  of  the  elements  are  found  na,turally  in  a  &ee  or  uncom- 
hined  state;  of  such  we  may  mention  oxygen  and  nitrogen,  existing  in  tho 
atmosphere;  sulphur,  carbon,  and  a  few  of  the  metala,  as  gold,  platinum, 
copper,  etc.,  distributed  throughout  the  earth.     The  majority  exist  only  la 


&&e  Impurillcs  bi^ag  bepunt^d,  It  wae  Inui^ped  11 


time  has,  howevBT,  past  for  this  opinion  to  be  maintatned,  and  within  the  lut  few  years  ■ 
eeries  of  niKiiifcstutloos  have  been  noticed  which  go  for  to  ylnilii»t<!  man^  of  tbeir  ophiions." 
At  a  meeting  of  the  BriliBh  AsBoclation  fbr  the  Promotion  of  Bcleiice  in  18B1,  M.  Dumu 
and  Professor  Faraday  both  (.yowell  their  belief  In  the  posaibilit)-  of  transiinitatlon,  ui4 

and  should  continue  to  do  ao.  It  la  not,  howereT.  to  he  nndeistwd  ttut  cbemlBti  ex. 
peot  traneniatatioQ  will  ho  effected  in  eiacll)-  (he  sense  of  Ihn  old  slebemieal  ptilosopby. 
There  is  no  orirlence  that  lend  ein  be  eoniertei  Into  silver,  or  copper  Into  gold.    M.  Du- 

cIiftQ;i:e  of  ph]^lcak  st4le  merely,  wttbont  t4>nchlig  ebemicfll  eompo^^n ,  thos,  already 
KB  have  carbon,  which.  la  the  diamond  and  as  charcoal,  uanifeeta  two  widely  different 
stales.  Sulphur  also  assumes  two  forms,  as  atso  phosphorus,  silicon,  and  boron.  Then 
whynotametnlf 

Draper  of  New  Ynri.,  which  seem  tn 'indicate  that  allTor  is  n.o«We  of  tranamulalion  into 
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combioatioD  with  each  other,  and  in  this  condition  they  are  so  completely  di&- 
giiised  as  to  manifest  few  or  nnne  of  their  cha,ractc;riatie  properties. 

253,  Coinpoiind  Bodies.- — All  compound  bodies  are  formed 
by  the  chemical  union  of  two  or  more  of  the  elementary 
substaoces. 

The  compounds  ao  rcsultmg  arc,  as  might  bo  supposed,  almost  innumer- 
able, aud  tlie  progrosa  of  research  is  conCinuaUj  adding  to  their  number. 
Many  of  the  compouods  artilicially  formed  by  chemical  aclioa  have  no  exist- 
ence ia  nature.  Some  of  them  are  of  eminent  utility  to  mau,  while  others 
possess  properties  of  a  strange  and  fearful  character.  Happily,  however,  the 
majority  of  those  eompounda  whidi  arc  espedally  doleterious  are,  by  the  dif- 
ficulty and  eipenae  of  their  preparation,  placed  &i  beyond  the  reach  of  tho 
majority  of  mankind. 

254.  Cause  of  Chemical  Combina  t  i  on.— In  the  early  days 
of  chemistry,  chemical  combinatioo  between  diiferont  substances  was  supposed 
to  take  place  through  the  ageocy  and  guidance  of  some  spiritual  or  super- 
natural power  which  investetl,  or  dwelt  iu  every  form  of  matter,  both  ani- 
mate and  Inanimate.  The  popular  names  of  many  chemical  substances  at  the 
present  Ume,  such  as  spirit  of  mine,  spirit  of  tiitre,  etc,  are  evidences  ot  the 
former  general  credence  in  this  doctrine.  Stahl,  a  noted  chemist  who  died  in 
168S,  taught  that  chemical  combination  proceeded  Irom  an  approximation  of 
the  combining  parts,  somewhat  tiRer  tlie  manner  of  wedges.  Modern  chem- 
isliy  explains  chemical  combination  between  different  substances,  aa  occur- 
ring through  the  agency  of  an  attractive  f  irce,  acting  only  between  the  atoms, 
or  molecules  of  dis^milar  subslances,  and  only  at  insensible  distances.  This 
force,  to  distinguish  it  from  other  forms  of  attradaon,  is  termed  aESnity.    To 


precliiel)' this:— Whal  ia  the  inteilor  nature  of  these  eliwcnts?    Bclencebids  us  ask, 
perhaps  nature  la  ready  to  ausner  it:  but  nhal  shall bs  dene,  elnce  no  analytical  pi 

if  there  be  any  trutb  In  the  nnanlmoiia  tesUmony  of  chemical  analoRy.    Their  case  I 
Klly  lite  that  nf  potsesa,  soda,  lime,  and  their  congeners,  before  the  disroTcry  of  p 


nature?    How  did  the  early  chemists  eipWn  cbemlal  ci 
s  chemlBtry  eiplain  it  F 
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the  question  "  What  ia  the  attractive  ibrca  thoa  designated  ?"  no  Batisfacioiy 
answer  oac  be  given.  Tiiore  are,  howefcr,  aomo  reasons  for  supposing  it  to 
be  a  modiScatioa  of  electrical  force. 

255.  Characters  of  Chemical  AHinily,— Chemical  af- 
finity is  distinguished  from  all  other  kinds  of  attnictive 
forces  which  act  at  minute  distances,  hy  certain  peculiar 
characteristics.     These  are  briefly  as  follows  :— 

I.  It  is  exerted  within  its  own  limits  with  intense  en- 
ei^,  but  beyond  those  limits  it  is  entirely  powerless. 

An  iron  wire  which,  wilt  support  a,  we^hc  of  a,  thousand  pounds  withi^ut 
breakir^,  will  ia  a  few  minutes  yield  to  the  almost  noiseless  action  of  a  mix- 
ture of  sulphuric  add  and  water.  The  tenacious  metal  will  dissolve — particle 
by  particle  will  be  detached  from  the  iron — and  in  the  clear  liquid  which  re- 
sults, uo  vestige  of  the  structure  of  the  metal  will  remain.  It  is  rarely  possi- 
ble by  mioute  subdivision  lo  cause  the  particles  of  different  substances  to 
^proximate  sufficiently  near  to  produce  chemu^  action.  Tartaric  acid  and 
caibonalfl  of  soda  may  be  incorporated  by  grmding  for  hours  in  a  mortar, 
but  they  will  not  act  chemically  upcn  each  other  If;  however,  we  add  a 
portion  of  water,  which  dissolves  the  particles  of  both  and  allows  them  mu- 
tually to  approadi  closer,  a  cliemical  union,  accompanied  by  an  effervescence, 
immediately  takes  place. 

Tlie  amount  of  power  or  work  produced  by  the  action  of  chemical  aflinily 
is  in  general  very  great,  and  m  some  instances  we  mny  approximately  meas- 
ure and  compare  it  with  other  Ibrcaa.  For  example,  coal  bums  and  produces 
heat  solely  in  consequence  of  the  affinity,  or  attractive  force,  wliich  causes 
pardclea  of  oxygen  in  tlie  air  to  unite  with  particles  of  coal.  Now,  a  pound 
of  the  purest  coal,  burned  under  the  proper  circumstances,  and  its  resulting 
heat  applied  te  the  production  of  steam,  will  generate  a  power  capable  of 
lifting  a  weight  of  100  pounds  to  a  height  of  20  miles,  or  1  pound  2,000  miles. 
This  resull,  llierefore,  ia  a,  measure  of  tho  chemical  force  of  alQnity  which 
operates  between  the  particles  of  a  pound  of  coal  and  the  quantity  of  osygen 
that  united  with  them. 

II,  It  is  only  exerted  between  dissimilar  substances. 
No  manifestations  of  this  force  can  take  place  between  two  pieces  of  iron, 

two  pieces  of  copper,  or  two  pieces  of  sulphur ;  but  between  sulphur  and 
copper,  or  sulphur  and  iron,  chemical  action  of  the  most  enei^tic  kind  may 

Were  there  but  one  kind  of  matter  in  the  universe,  Ihc  force  of  affinity 
could  not  exist ;  no  chemical  action  could  take  place,  and  the  science  of 
chcmialiy  would  be  unknown. 


it  produciog?    Give  aa  ill 
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III.  Generally  speaking,  the  greater  the  difference  in 
the  properties  of  bodies,  the  greater  ia  their  tendency  to 
enter  into  chemical  combination.  Between  bodies  of  a 
Eimilar  character,  the  tendency  to  union  is  leeble- 

IV.  Chemical  affinity  occasions  an  entire  change  in  the 
properties  of  the  substances  acted  upon. 

TIiU  changa  is  [D03t  remarkable,  and  is  of  sudi  a  clmracter  as  could  not 
be  predicted  Irom  any  acquaintance  witli  the  subatauces  in  a  separate  condi- 
tioQ.  Ttius,  if  we  dissolve  capper  in  sulpliuric  add,  we  obtain  a  blue,  semi' 
transparent  substance ;  while  iron  treated  in  tlie  same  manner,  yields  a  light 
green  product. 

Although  in  a  combination,  the  properties  of  the  constituents  are  changed, 
and,  as  for  as  ordinary  observation  ia  concerned,  are  destroyed,  yet  they  really 
exist  in  the  compound,  and  can  bo  again  reproduced  by  restoring  Iho  com- 
bining  elements  to  their  arigina]  condition. 

V.  The  power  of  alBnity  is  exerted  between  different 
kinds  of  matter  with  differeiitj  but  definite  degrees  of 
force. 

Nitric  acid,  for  example,  will  combine  with  and  dissolve  most  of  the  metals, 
aa  silver,  mercury,  copper,  and  lead ;  but  it  unites  with  them  with  very  dif- 
ferent degrees  of  intensity.  WiUi  silver  Hie  combination  is  loss  powerful  than 
with  mercury,  less  so  with  mercury  than  with  copper,  and  with  copper  less 
again  than  with  load.*  Indeed,  the  different  elements  may  he  arranged  in 
tables,  in  such  a  way  as  to  indicate  by  their  order  the  degree  of  affinity  which 
they  respcelivcly  have  for  some  particular  element. 

'  The  fliflcrence  in  the  alrength  of  the  aJBnity  psiBt- 
I'lO'  '!*■  InKbehreen  dlf^rent  aabsUiuxn  nay  be  easUj- iUus- 

f  scetsle  of  lead  ougar  0/  lead)  in  it  Bmul] 
fwBtec.BjidfillBphlaWlth  llie  EJilulion.    If 

le  time,  become  covered  with  ji  gray  coating, 
im  which  brillianl  mctalllo  spangles  will  RrafluaUy 
not  forth  (Bes  Fig.  141  somewhat  In  the  shape  of  a 
ie.  These  are  pnre  Ipad,  and  Ihc  phenomenon  is  fti- 
illarly  knoirn  as  tlie  lead  tree.  Tlie  effect  thus  pro- 
iced  ia  duo  to  the  superior  affinity  of  the  ilnc  for  the 


[A  the  fbre«  af  jtQViiltj  slwa 
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VI,  However  much  the  properties  and  form  of  boJies 
may  be  changed  by  the  action  of  chemical  affioity,  no  de- 
Btniction  of  matter  ever  ensues — the  weight  of  the  pro- 
ducts of  combination  being  always  exactly  equal  to  that 
of  the  component  elements  before  combination. 

By  means  of  a  sinipb  expia-imeut  it  maj  bo  shown  that  even  althougl]  a 
BUba>ane©  may,  through  the  adjon  of  cliemioal  af&nity,  vanish  from  oar  sight, 
it  still  continues  to  exist  as  a  gas  nFliicli  has  the  same  weight  as  the  visible 
solid  which  famished  it.  Into  a  glass  flask,  A,  Fig.  75,  of  about  250  cubio 
inches  capadty,  wiiioh  is  provided  with  a  hrass  cap  and  atop-cook,  10  or  12 
gTMns  of  gun-cottoQ  are  introduced.  Tho  air  in  the  flask  is  then  completely 
exhaiMlod  by  meaai  of  an  air-pump,  and  the  flask  we^ed.  Tbe  cotton  ia 
tlien  ignited  by  means  of  two  wires,  a  and  6,  proceeding  (Tom  a  galvanic  bat- 
tery, and  passing  through  the  cap  of  the  flask.  piQ_  75 
Oo  the  transrai^iou  of  a  voltaic  current, 


VII.  Chemical  combination  of 
subs 'a  nc  33  may  either  occur  in- 
stantly on  mixture,  or  may  be  in- 
definitely postponed  until  some 
other  force,  as  heat,  for  example, 
produces  a  commencement  of  the 
action., 

In  a  large  proportion  of  esses,  -ic- 

tioii  will  not  commence  spontaneo  A    oap 

nltereU  in  the  air  fbr  years ;  but  if  a         p  cce    1: 
tlmiwn  upm  the  heap,  chemical  com  a  be  ' 

osj^cn  of  tho  air  is  commenced  b    tl     h  at,  and 
mssa  is  burned.     In  other  instan        h  m  cal 
application  of  any  estraneoi.B  fo  Phosp    ru 

instant  it  comes  in  contact  viilh  t  ph 

the  sun,  speedily  bursts  into  a  flam 

Ca-lal'y-sis.— The  mere  p       n  e   /  a  t!     I  hody  mil 
sotnetinies  awaken  or  ex     e   he  f     e  of  affi     .y  between 


red  hot  and  then 
i  hartxul  an  !  ths 
I  ea  unti  Oie  whole 
am  CCS  without  the 
13  to  im  slowly  the 
p  sed  to  tlic  heat  of 


tc  tills.    What  is  caCalTtia? 
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two  other  bodies  to  an  extent  sufficient  to  cause  their 
union— without  ifself  undergoing  any  alteration,  cither 
mechanical  or  chemical  Such  au  action  ia  termed  Ca- 
talysis. It  ia  also  sometimes  called  the  action  of  'pres- 
ence. 

Phenomena  of  this  character  are  the  most  curious,  and,  in  somo  respects, 
ihe  most  difficult  of  explaoation  of  any  in  chemistry.  A  familiar  example  of 
this  action  is  afforded  us  in  the  caso  of  yeast,  a  most  minute  particle  of  wbich 
is  able  to  excite  fermentation  in  a  largo  quantity  of  sugar  in  solution.  Other 
examples  will  be  noticed  in  the  progress  of  this  work. 

flaKcent  State . — Chombts  have  long  recognized  the  &ct,  that  bodies, 
when  in  the  act  of  liberation,  or  separation  from  other  substances,  display 
far  more  enot^etic  afllnitios  than  under  ordinaij  circumstances.  This  con- 
dition is  termed  the  nascent  (fhim  the  Latin  nasarr,  to  he  born.)  state. 
Thus,  hydrogen  tmd  nitrogen  gases,  under  ordinary  rarcumstaDcea,  do  not 
unite  if  mingled  io  the  same  vessel ;  but  when  these  two  gases  are  set  fi^ce 
at  the  same  time  from  the  decomposition  of  some  substance,  they  readily 

VIII.  Chemical  compounds  may  be  formed  either  by  the 
direct  union  of  their  ingredients,  or  by  the  displacement 
of  one  substance  by  a  different  one  in  a  compound  pre- 
viously formed, 

IX.  Whenever  the  elements  unite  directly  with  each 
other,  heat  ia  generally  evolved,  and  in  many  instances, 
light  also  ;  the  amount  of  each  being  proportioned  to  the 
rapidity  of  the  action. 

266.  taws  of  Chemical  C o m b i n a t i o n 8 .—It  m^ht  naturally 
ba  supposed  that  chemical  combination  between  the  various  elementary  sub- 
stances would  take  place  in  all  proporljons  indifferently,  in  the  same  manner 
83  imlike  particles  <rf  matter  can  be  mingled  together  mechanically.  Such, 
howover,  is  not  the  case,  but  the  relative  proportions  in  which  different  ele- 
ments miite  is  determined  by  flxed  laws.* 


Uul  all  mlitureB  of  guea  with  gases,  liquida  nitJi  liquids,  and  all  Boln 
Bolida  in  liquids,  aro  Dot  chemical  comlilnatione,  unless  th«^  take  place  in 
UooL    Apparent  combination  in  Indefinite  proporljoDB.  as  of  alcoLol  wltl 
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Theae  laws,  which  are  three  in  number,  regulate  tlie  mode  of  combination 
of  every  Imown  chemioal  eonipouad,  and  are  usually  called  tbe  Law  of 
Defioite  Proporljoiis,  tlio  Law  of  Multiple  Proportions,  and  tho  Law  of  Equiv- 
olanl  Proportions. 

257.  Law  of  Definite  Proportions.— In  every  chemical 
compound  tbe  nature  and  proportion  of  its  constituent 
elements  are  fixed,  definite  and  invariable. 

For  instance,  100  parts  of  water  contain  88-89  of  oxygen  and  ll'll  hydro- 
gen. It  matters  not  in  what  condition  tho  water  may  exist — in  springs,  or 
in  the  ocean,  in  the  ibrm  of  ice,  dew,  cloud,  or  shiam,  its  eomposirion  is  uni- 
form and  certain.  When  artifloially  prepared,  by  causing  the  gas  hydrogen 
to  unite  chemically  with  the  gas  oxygen,  the  same  proportions  are  required, 
that  is,  ll'll  grains,  ounces,  or  pounds  of  hydrogen  must  be  taken  for  every 
88'89  grains,  ounces,  or  pounds  of  oxygen.  If  either  one  of  the  constituents 
be  in  excess,  combination  will  still  take  place,  but  tho  excess  will  be  rejected 
So  also  in  the  case  of  other  ample  compounds.  A  piece  of  flint,  or  of  clear 
quarts  cryatal,  come  from  whatever  source  it  may,  yields  m  every  100  parts, 
43'2  of  the  element  ^licon,  and  518  of  oxygen. 

The  law  of  definil*  proportions  may  be  proved  in  two  ways:  first,  by 
analysia,  that  is,  by  taking  the  compound  apart  and  comparing  the  products 
of  decompomtiOQ ;  and,  secondly,  by  synthesis,  that  is,  by  uniting  the  elements 
in  definite  proportions  to  form  the  required  compound. 

Although  of  great  simplicity,  it  constitutes  one  of  the  fundamental  prind- 
ploa  upon  which  modem  chemistry,  as  an  exact  science,  rests.  It  enters  into 
bS  tiie  practical  applications  of  chemistry  to  the  arts,  and  is  relied  upon  by 
tbe  analyist  as  a  means  of  verifyii^  and  clasdfying  his  results.  It  also  en- 
ables us  to  draw  a  broad  and  clear  tlislinetion  between  a  metbanical  mixture 
and  a  chemical  combination ;  between  the  force  of  affinity  and  the  ibroe  of 
adhesion,  which  produces  the  solution  of  solids  in  liquids. 

258.  Law  of  Multiple  Proportions. — It  frequently  happens 
that  one  elementary  substance  will  i-nitc  with  another  in  more  than  one  pro- 
portion. The  compounds  so  obta  ned  differ  greitly  m  Uieir  properties,  bat 
atiU  preserve  a  simple  relation  to  each  oth  r  The  law  which  go*  cms  these 
relations,  and  which  is  known  as  the  Uw  of  multiple  proportions,  may  be 
stated  as  foEows : — 

If  the  elements  A  and  B  unite  tof^ethor  in  more  pro- 
portions than  one,  the  several  r^uantities  of  E,  which  unite 


.Q  law  of  iDu]ti|4e  propoiv 
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with  the  same  quuatity  of  A,  will  bear  a  very  simple  rela- 
tion to  each  other. 

Thus  wo  may  have  a  series  of  compounds  like  the  following: — A+B; 
A+2B;  A+3B;  A+4B;  A+S  B,  etc.,  in  which  one  part  of  Oie  element  A 
unites  reapoetively  with  one,  two,  three,  four  and  five  parts  of  B,  to  form 
five  different  compounds,  eaeh  possessing  diOerent  propertijes.  Such  a  mmple 
Bcriea  ropresenla  the  Qto  different  compounds  whicli  nilrogen  Sirma  with 
oxygen — one,  two,  three,  four  and  five  parts  (by  weight)  of  oxygen  uniting 
■with  one  part  of  nitrogen.  In  some  iostances  tho  relation  is  less  tropic,  one 
or  two  proportions  of  one  element  combming  with  3,  5,  7,  eto^  of  another — tho 
law  amply  requiring  that  the  proportionala  shall  all  be  multiples  of  the  Bmall- 
CBt.    Thus,  compounds  royreacntod  by  tho  following  formulas  may  exist ; — 

2  A+3B;  2  A+BB;  2  A+7  B,  etc. 
In  (his  1^  is  coasidered  as  the  Bmallest  combining  proportional  of  E. 

259.  Law  of  Equivalent  Proportions.— When  an  ele- 
mentary body  (A)  unites  with  other  bodies  (B^  C,  D,  etc.), 
the  proportions  in  which  B,  C  and  D  unite  with  A,  will 
represent  in  numbers  the  proportions  in  which  they  will 
anite  among  themselves,  in  case  such  union  takes  place  ; 
in  other  words,  the  fixed  proportions  in  which  the  ele- 
ments unite  among  themselves,  may  bo  represented  nu- 
merically, 

Oxygan  is  an  element  that  forms  at  least  one  definila  compound  with  every 
other  elementary  substance,  with  a  angle  exception.  United  with  hydrogen 
i{  forms  water,  and  100  parta  of  water,  as  before  stated,  contain  88*80  parts 
of  oxygen  and  1111  hydrogen.  United  with  the  element  calcium,  it  forms 
lime,  and  100  parts  of  pure  lime,  if  exiunined.  will  be  found  tn  consist  of  ZS-58 
parts  of  ox^en  and  71'42  of  caldum.  In  Uke  manner  100  parts  of  potash 
contain  l'J-03  of  oxygen  and  8298  of  the  element  potassium.  It  will  bo 
apparent^  from  those  illustrations,  tiiat  the  quantity  of  oxygen  is  not  lie  same 
in  ila  compounds  with  the  dilTerent  elements,  and  the  mquiry  next  arises, 
does  any  constant  relation  exist  between  the  proportions  of  oxygen  and  the 
proportions  of  the  different  elements  which  unite  with  it  to  form  compounds ! 
The  existence  of  such  a  relation  may  be  shown  in  the  following  manner : — 
Having  ascert^ned  the  proportions  in  100  parts  of  the  various  compoands 
which  each  elementary  body  forma  when  it  combmes  with  oxygen  determine 
by  calculation  the  proportion  m  which  eath  element  unit«a  with  the  same 
fixed  quantity  of  oxygen,  as  S  parts  for  example  A  aenes  of  proportional 
numbers  wilt  thus  be  obtained,  which  viill  rLprcacnt  thu  ratios  m  nliuh 
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each  of  the  cleineiita  combinea  witli  oxygen.  For  example,  in  the  case  of 
water,  it  will  be  seen  that  for  eacli  8  parts  of  oxygen,  1  part  of  hydrogen  U 
present 

For  88*89  (the  quantity  of  oxygen  in  100  parts  of  water) :  ll'll  (the  quan- 
tity of  hydrogen)  ; :  8  : 1. 

So  also  in  lime,  for  eaeli  8  parts  of  oxygen,  20  of  tho  oloment  calciuca  are 
present. 

For  28-53  :  H-43  : :  8  :  20. 

And  in  polash,  for  orery  8  of  oxygen  there  are  39  of  potassium. 

For  17-02  :  8396  : :  8  :  39. 

In  like  mauner  it  has,  by  careful  and  laborious  inveatigation,  been  shown 
that  the  proportions  whidi  exist  between  oxygen  and  the  other  elements  in 
their  respective  combiaationa,  are  capable  of  being  represented  numerically. 
Thus,  8  parts  of  oxygen  unite  with  14  of  nitrogen,  16  of  sulphur,  C  of  carbon, 
38  of  iron,  33  of  copper,  100  of  mcreuiy,  104  of  lead,  108  of  ^vor,  and 

But  further  experiments  have  led  to  the  very  romarlraWo  discovery,  thai 
iheee  nmnbers  not  only  represent  the  qmailitiee  of  the  diffvrerti  dements  tuhieh 
unite  with  S  parts  of  oxygen,  bai  Oiey  alao  indicate  (he  simplest  proportions  in 
vihich  the  different  elements  con  anife  tmth  each  Bther. 

For  example,  not  only  does  1  part,  by  weight,  of  hydn^n,  IC  of  sulphur, 
38  of  iron,  and  100  of  mercury,  severally  unite  with  8  paHa  of  oxygen,  but  1 
part  of  hydrogen  unites  to  form  a  compound  with  16  parts  of  sulphur,  and  16 
of  sulphur  in  turn  unites  to  form  different  compounds  with  28  parts  of  iron  and 
100  of  mercury,  or  39  of  potaadnm. 

360.  Law  »r  Subsli  tulion. — It  very  often  happens  also,  that  through 
the  varying  Ibrce  of  affiini^y,  one  element  is  able  to  expel  and  replace  an- 
other in  a  compound  previously  formed.  When  such  a  substitution  lakes 
place;  it  always  happens  in  Uie  quantities  indicated  by  their  proportional 
numbers. 

This  priniaple  may  be  illnatrated  as  follows:— In  mercantile  transactions, 
100  dollars  in  money  will  purchase  G  ounces  ofgold,  or  13  ounces  of  platinum, 
or  100  ounceaof  silver,  or  1,500  ounces  of  mercury;  consequently,  6ounce3of 
gold  have  the  same  commercial  value  as  1 2  ounces  of  platinum,  or  100  ounces 
of  Bilyer,  etc  The  same  principle  holds  good  m  chemistry;  38  ounces,  or  28 
parts  of  any  otlier  denomination  by  weight,  of  iron,  100  of  mercury,  108  of 
silver,  or  one  of  hydrogen,  combine  with  8  of  oxygen.  Accordingly  28  ounces 
of  iron  have  same  chemical  value  as  100  ounces  of  mercury,  108  of  silver,  or 
1  ounce  of  hydrogen. — Stockhardt. 

261.  Chemical  EquiTalenls.  — The  proportions,  or 
quantities  by  weight,  in  which  different  auhatances  unite 

Qtobtio™.— WTiat  remarkable  fact  has  lieen  ascertained  rc-spiiclini-  the  prapordonof 
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to  form  definite  chemical  compounds,  are  called  OheiiitCiil 
Equivalents  (from  cequus,  equal,  and  valor,  value).  They 
are  also  sometimes  designated  as  combining,  or  equivalent 
■weights.  The  numbers  representing  or  expressing  these 
proportions  are  termed  equivalent  numbers. 

Thus,  by  1  equiyalont  of  osjgen  ia  to  Lo  understood  8  parts  of  it  by 
weight;  by  1  GquiTalent  of  iron,  28  parts  by  weight ;  by  1  equivalent  of  mer- 
cary,  !00  parts  by  weight. 

It  will  be  readily  observed  tbat  the  numbers  used  to  designate  equivalents 
merely  express  the  rdative  quantitiea  of  the  substanoea  tliey  represent ;  it  is 
tlierelbre  a  matter  of  little  consequence  wbat  numbers  are  employed  to  ex- 
press them,  provided  the  relations  between  Uiem  are  strictly  observed.  Thus 
we  may  rcpreseut  the  equivalent  of  hydrogen  (which  is  the  smallest  of  all 
the  equivalent  numbers)  by  100,  or  1,000  as  well  as  by  1,  provided  all  the 
other  equivalent  numbers  are  multipUeil  ui  an  equal  ratio ;  or  hydr<^n  may 
he  represented  by  .01  or  .001,  if  all  the  other  numbers  are  equally  re- 
duced. If  hydrogen  were  represented  by  100,  oxygen  would  he  800,  and 
iron  2,800.  Or  if  liydrogen  were  0-01,  oxj^n  would  be  0-08,  and  iron  0-28. 
It  is  the  ratio,  or  relative  proportion,  which  gives  value  to  these  numbers. 

In  England  and  the  United  Slates,  the  combining  number  of  hjdr<^n  is 
made  the  unit  of  comparison.  The  reason  why  tliis  element  ia  selected  is  be- 
cause it  combines  with  oxygen  and  otlier  elements  in  a  smaller  proportion  by 
weight  than  any  other  known  substance,  and  the  numbers  representing  the 
combining  proportions  of  all  the  otlier  elements,  may  also,  with  few  excep- 
tions, and  without  material  error,  be  taken  as  multiples  by  ivhole  numbers  of 
the  equivalent  of  hydrt^en.  The  equivalent  number  of  hydrogen  in  this 
scale  is  1,  and  as  one  part  of  hydrogen  is  united  in  water  with  exactly  3 
parts  of  oxygen,  the  equivalent  number  for  ox^en  is  8. 

On  the  Continent  of  Europe,  moat  chemists  make  oxygen  the  unit  of  com- 
parison, and  assume  its  equivalent  number  to  bo  100 :  the  equivalent  number 
of  hydn^n  mil  be,  therefore,  8  times  loss,  or  12-5,  and  the  equivalent  num- 
bers of  the  other  elements,  cakiulatcd  according  to  the  hydrogen  scale,  will 
also  he  changed  proportionally. 

In  the  following  table  the  elementiiy  substances  are  arranged  alphabetically, 
with  the  symbols  used  by  chemists  to  designato  thera  affixed  to  each.  The 
numbers  representing  their  equivalent  or  combining  proportions,  calculated 
according  to  t!io  hydrogen  scale,  are  placed  opposite  to  each  element.* 
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Tho  names  of  the  elements  which  from  their  rarity  may  bo  regarded  at 
importaal,  are  given  in  Italioa. 


SnBST    hCEfl,    WITH   1 
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Three  other  subataneea  diacove  d  w  tJi  n  be  last  f  w  years  and  de*  g- 
nited  aa  Anciium,  Dumnam,  anl  H  num  a  e  aim  o  pjaseaa  an  e- 
meutarv  character  If  their  eiia  nca  3  fully  ab  ifih  1,  h  numb  o  iB 
olomenta  must  be  considered  aa  bik     a 

The  law  of  equivalents  ayjl  es  to  co  pound  s  ibhtinces 
eijuxlly  with  the  elements — the  eq  uviknt  t  a  comb  n  ug 
number  of  a  compound  be  n^  alnajB  the  sun  ot  the 
equnalcnt  of  its  cumponents 

Thoa,  since  water  is  composed  of  1  eq  a  en  o  8  r  fts  of  os  gen,  and  1 
equivalent,  or  1  part  orhjdr<^n  Is  con  b  niiung  p  oport  n  o  equ  valsnt  is 
9  Tho  equiyalent  of  sulphuric  ac  d  s  n  ke  mann  r  40  tec  use  s  a  com- 
pound of  1  equivalent  or  ifi  pirts  su  phu  and  3  equ  ilents  of  ox^  n ; 
(.tXt)^21),  and    16-f-24— 10.     The  equivalent  numhcr  ol  potisaium  is  39, 
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nnd  as  this  clement  oonibiaos  with.  8  of  oxygen  f       nn  po         t! 

lent  of  Ihe  latter  must  be  33+8—41.     Now,  wht  se  eo   po 

one  equivalent  of  the  one  combines  with  one,  (wo,   hr 

of  tbe  other,  precisely  aa  the  clemootarj  substances  P  m        w 

unites  with  potasli  to  Ibrm  a,  compound,  but  it  doe    so    nl  port 

of  9  to  47  ;  sulphuric  acid  also  unites  with  potash  to  compoun 

phate  of  potash),  but  only  in  tha  proportion  of  40  to 

To  illustrate  the  advantage  in  practical  operations         m  eoa 

of  equivalents,  we  will  suppose  a,  pereon  wislies  to  m    ufattu 
potash,  which  is  ono  of  the  ingredients  which  ente  tl         m 

alum.    Having  purcliased  in  the  market  the  neceaaary  eompo 
of  potash,  viz.,  sulphuric  add  and  potash,  he  mixes         tw     i^ 
ing  to  their  equivalents,  in  tho  proporlion  of  40  parts  ^uois,  ea, 

tons)  of  sulphuric  acid  witli  47  parts  of  potash.    T      ro  nl         tl         U 
sulphuric  acid  unites  with  aU  the  potash,  and  the  gr     ca      od 
pound  is  olitaJned.     It,  on  the  other  hand,  he  had  mtr  ia  at 

and  the  potash  in  any  other  than  the  above,  or  som       nl  bo 

proportions,  there  would  have  been  an  oxctas  o 

ingredients,  and  cousequently  a  loss  of  material      T  te       pota 

fottned  by  the  partial  combination  would  also  prov  p       ct    rt  i.    , 

from  the  mechanical  misture  of  tho  excess  of  one  of  the  ingredients  through- 
out its  Buhslance. 

Previous  to  the  discoveiy  of  this  law  of  equivalents,  at  about  tha  com- 
mencement of  tiie  present  century,  it  could  only  be  ascertained  by  laborious 
trials,  how  much  of  one  chemii-ai  substance  was  required  to  combine  with,  or 
replace  another.  Tt  is  now  only  necessary  tfl  refer  to  the  table  of  the  propor. 
tiozial,  or  equivalent  niimbera  to  ascertain  beforehand  the  quantity  to  bo  em- 
ployed, 

262.  Equivalent  Volnmes. — When  bodies  aro  capable 
of  assuming  the  form  of  a  gas,  or  vapor,  and  in  this  con- 
dition act  chemically  upon  and  combine  with  each  other, 
a  very  simple  ratio  prevails  between  the  quantities  which 
enter  into  combination,  measured  merely  by  their  bulb  or 
volume. 

Thus,  one  volume  of  a  gas,  which  may  be  distinguished  as  A,  unites  with 
one,  two,  or  three  volumes  of  B,  or  two  of  A  may  unite  with  three  of  B. 

If  when  two  gases  capable  of  union  by  contact  are  brought  together,  t'.ia 
volume  of  one  is  greater  tlian  its  combining  proportion,  the  excess  remains 
uncomhined. 

The  volume  of  two  gases,  alter  combination,  is  often  less  than  tho  sum  of 
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of  llioir  TOluraca  in  thoir  separate  stato  ;  or  in  other  words,  the  two  gasea  or 
vapors,  by  the  act  of  union,  soraetimea  experieaoo  a  condensation. 

It  is,  however,  a  very  curious  fad,  that  when  such  a  diminution  of  the 
volume  occurs,  it  always  takea  place  in  a  simple  ratio  to  the  volume  of  one 
or  both  of  tho  combining  gasea.  Thus,  three  volumes  of  hydrogen  and  oue 
of  nitrogen  unite  to  form  ammonia;  but  wlion  the  union  takes  jdace,  the  four 
volumes  instanUy  contract  to  two,  orono  half  their  former  bulk.  The  weight, 
however,  of  tho  ammonia  formed  is  equal  to  tha  united  weight  of  the  hydro- 
gen and  nitrogen  that  have  cntorod  inU>  its  eomposition. 

263.  Atomic  Theory  .—A  consideration  rf  the  facts  set  forth,  na^ 
urally  auf^sta  the  inquiry, — Why  is  it  that  aU  the  different  kinds  of  matter 
with  which  we  are  acquainted,  ia  entering  into  chemical  combination  with 
each  oUier,  are  constrained  to  do  so  according  to  certain  fiied  weights  and 
volumes,  and  not  otlierwise?  The  response  from  every  thinking  mind  will 
unhesitatingtybe  that  the  phenomena  in  queaUonmust  originate  in  accordance 
with  some  great  law  or  principle  in  nature,  so  extensive  and  general  in  its 
cliaracter  as  to  alfect  all  matter.  Experiment  and  observation  do  not,  and 
probably  can  not,  enable  us  to  any  definitely  wliat  this  Liw  ia ;  but  a  careful 
consideration  and  comparison  of  all  the  fects  in  the  case,  led  Dr.  John  Dalton, 
an  eminent  English  chemist,  about  the  year  1808,  to  propose  a  theory  wliich 
so  satisiactorily  explains  tho  remarkable  droumstanccs  attending  chemical 
combination,  lliat  scientific  men  of  all  countries  receive  it  as  Eubstantially 
true.     This  theory  is  known  as  the  "  Atomic  Theory,"  or  the  "  Theory  of 

The  atomic  theory  supposes,  in  the  first  instance,  that 
ail  matter  is  composed  of  ultimate  particles,  or  atoms, 
which  are  incapable  of  subdivision.     {See  |  4,  page  10.) 

A  bbhef  iu  tliis  hypothesis  dates  back  to  a  very  remote  period.  It  was  a 
doctrine  taught  by  that  sect  of  the  Crock  philosopliera  known  as  the  Epicu- 
reans, and  during  tho  middle  ages  it  formed  a  part  of  certain  theological  dog- 
mas maintaned  by  parties  in  tho  church.  In  more  modern  IJmes,  it  ret«ived 
the  sanction  of  many  men  of  high  aeiontiSo  attainment,  aa  Newton,  Bacon, 
and  oihera.*  These  opinions  can  not,  however,  be  regarded  in  any  other 
light  than  aa  mere  speculations,  and  it  waa  not  until  laborious  study  and 


tetiig  Boliaa,  arc  incomparahly  harrier  tlian  any  poroua  IxiflitB  componnded  of  Iheni  i  » 
very  liatd  u  never  lo  wear  or  break  in  piecaa,  no  ordinary  poirer  iOag  »Ue  to  divide 

QnEBTioNB.— What  Inquiry  naturally  ariBos  in  tlie  mind  from  a  connlderation  of  the  facta 
staled  ?  According  to  what  tbeory  ia  chemical  rombinatioo  eiplaincd  I  Who  proposed  th1« 

Mocnt  origin! 
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research  had  elovated  tliemislry  lo  Uio  rank  of  an  exact  ecieoec,  that  ntij 
rutioiiiil  evidence  upon  tho  subject  could  bo  appealcnl  to. 

The  atomic  theory,  as  propoBed  by  Dalton,  further 
supposes,  that  the  atoms  of  each  separate  elementary  sub- 
stance have  all  the  same  chamcteriatic  form  and  weight, 
and  that  when  comhination  hotwcen  two  diflcrent  ele- 
ments tabea  place,  one  or  more  atoms  of  one  substance 
arrange  themselves  in  the  most  symmetrical  manner  pos- 
sible by  the  side  of  one  or  more  atoms  of  another  substance, 
and  thus  form  a  compound  atom. 

In  tho  aimpltiat  eombiBation,  ouo  atom  of  one  aubataneo  oombiaca  with  ono 
atom  of  another,  but  in  oUier  instances  the  proportion  may  be  as  1  lo  2,  3,  4, 
and  5,  or  as  2  to  3,  5,  7,  etc  One  atom  of  one  kind  can  not  combine  with 
oaehalf  an  atom  of  a  different  kmd,  or  wiUi  any  otiier  fractional  part  of  an 
atom,  for  tho  reason  that  no  such  quantities  esist — tho  atoms  bclag  incapable 
of  division.  Ileneo  tho  immutable  nature  of  all  compound  bodies  existing 
oithec  in  nature  or  art 

Furthermors,  as  combination  of  diiTerent  substances  takes  phice  atom  hy 
atom,  and  as  the  atoms  of  each  subattoice  have  a  size  and  wei);bt  peculiar  to 
B  have  an  explaoation  of  tho  circumBtanoe  that  the  chemieaJ 
in  of  qunntidea  of  different  kinds  of  matter  only  occurs  in  anehanging  pro- 
portions by  weight  and  volume — for  what  is  true  of  oil  tho  atoms  of  a  mass, 
must  be  true  of  tbe  whole. 

Again,  a  compound  atom  formed  by  the  union  of  two  dissimilar  atoms, 
must,  in  unidng  with  otlier  bodies,  necessarily  obey  tho  same  hwa  of  com- 
bination as  the  elementary  atoms,  and  bo  in  turn  incapable  of  division,  sinco 
tlie  veryact  of  division  would  be  its  destruction,  soferas  its  compound  eliar- 
acter  is  concerned. 

A  strong  ai^ument  in  favor  of  the  tniUi  of  tha  atomic  tbeory  is,  that  no 
reasonable  explanation  of  tho  facts  pointed  out  can  be  ^ven  by  tho  adopOon 
of  any  other  theory.  If  matter  is  InGnitoly  divisiblo,  and  if  atoms  have  no 
real  existence,  tlien  there  is  no  reason  why  bodies  should  not  combine  in  aH 
proportions.  One  grain,  ounce,  or  pound,  of  one  substance  ought  to  combine 
wiUi  the  hair,  quarter,  tenth,  hundredth,  and  every  otlier  proportion  of  a 
grain,  ounce,  or  pound,  of  some  other  substance,  so  as  to  form  an  infinite  num- 
ber of  compounds,  all  possessing  different  properties.  But  this,  as  has  been 
already  stated,  never  happens. 

Dr.  Daiton  was  also  the  first  who  conceived  clearly  the  idea,  that  from  the 

QnEBTTONB.— Wlint  doflS  Ihe  Btol 


ifl  from  tho  r-J'-tty^ 
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rftlative  actual  weights  of  the  eleraenta  which  make  up  the  mass  of  any  com- 
pound, the  relative  weights  of  tlie  ultimate  atuma  themaehea  miglit  be  in- 
inferred,  and  repreaeuted  nnmerioallj'.  The  metiiod  of  reasoning  and  deduc- 
tion by  which  tliia  result  is  arrived  at  is  aa  follows: — 

It  ia  obvioua  that  if  we  cau,  by  any  method,  exactly  Gx  the  relative  woighta 
of  the  atoms  of  a  few  of  the  great  elomentary  bodies,  oxygon,  hydn^n, 
nitrogen,  carbon,  etc,  we  can,  by  an  estenaon  of  the  proceaa,  solve  the  ques- 
tion for  all  other  aunple  bodiea,  and  for  the  most  complex  compounds  into 
which  they  enter.  Kow,  to  attmn  thia  result,  it  fe  neoessaiy  to  take  one 
point  as  granted — the  trutii  of  which,  although  not  ausceptible  of  absolute  de- 
monstration,  is  yet  rendered  probable  by  many  concurrent  Eiots.  This  onco 
allowed,  the  process  becomes  one  of  simple  inductive  reasonhig.  It  ia 
assumed  that  when  two  elementary  substances  unite  in  several  propiwtions 
to  form  different  compounds,  that  the  combination  takes  place  in  tlie  first  or 
simplest  compound  in  the  proportion  of  one  atom  of  the  one  to  one  of  the 
other;  in  the  second  compound,  of  one  atom  to  two  atoms;  hi  tlio  third,  of 
one  to  three,  and  ao  on. 

Let  us  next  examine  the  practical  application  of  tliis  suppoRition.  Water, 
composed  of  oxygen  and  hydrogen,  ia  found  to  contain  these  ingredionts  in 
ilie  proportion  of  8  to  1  b^  weight.  AsBuming,  whicli  many  reasons  make 
probable,  that  it  ia  their  simplest  form  of  union,  viz.,  of  ati^m  to  atom,  we  ob- 
tain nt  once  the  rolalive  weiglit  of  the  ultuuato  atoms  of  oxygen  and  hydro- 
gen— as  8  and  1  respectively. 

Again,  we  liave  a  series  of  five  chemical  compounds  of  oxygen  and  nitro- 
gen, in  which  the  [apportion  of  ox^en  increases  uniformly  in  the  ratio  of  the 
simple  numbers,  so  that  nitric  acid,  tlie  fifth  In  order  of  tliese  compounds,  con- 
tains exactly  five  times  the  weight  of  that  which  exists  in  the  protoxido  of 
nit-^^n,  the  first  of  the  series.  Concluding  that  the  latter  ia  tlie  simplest 
form,  and  consists  of  a  single  atom  or  combming  proporOon  of  each  of  ita 
elementi,  we  obtain,  by  analysis  of  tliia  gas,  tho  relative  weights  of  8  and  14 
for  the  atoma  of  oxygen  and  nitrogen  composing  it* 

Here  then  we  have  already  a  short  scale  of  proportions  fixed;  in  which 
hydrogen  ia  the  unit,  oxygen  8,  and  nitr(^n  14.  Tlie  next  step,  in  complet- 
ing the  circle  of  combination,  furnishes  a  test  of  the  truth  of  these  results. 
Ammonia  is  a  compound  of  hydrogen  and  nitrogen ;  and  lis  analysis,  exactly 


Protonya  of  nitrogen. 
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made,  gives  proportions  of  the  two  whieli  involve  tlie  saiCG  numbers  as  wcro 
obtained  by  t)ie  preceding  mettiods. 

Thia  test  obviously  boeoinea  more  stringent  and  complete  as  we  extend  tho 
number  of  bodies  tbus  brought  ioto  conjunctions,  and  flud  the  relative  weigiil, 
BO  determined  lor  each,  strictly  DiaintBined  in  all  their  forma  of  combination. 
The  atomic  weight  of  sulphur,  ibr  inslanca,  is  ibuiid,  by  analysis  of  its  oom- 
pounds  with  oxygen,  to  be  IS.  Exaiuining  its  simplest  form  of  unioti  nith 
hydn^Q,  in  sulphuretted  bydrt^n,  the  proportiOQ  is  found  to  be  eiaetly  16 
to  I,  or  one  atom  of  each,  thus  verifying  the  respective  numbers  before  ob- 
tained. In  a  like  majiuer  all  the  other  e  m  tar  b  d  h  ve  been  submib- 
ted,  by  experiment,  to  the  same  law,  and  ha      be  d  to  furnish  proofs 

precisely  similar  in  kind.     Thus  tho  circle        dm        ra  has  been  contin- 

uallj  enlarged ;  the  evidence  incri^asing  u  g  m  ncal  n  o  with  the  num- 
ber of  objects  brought  within  the  scopo  o  q  ry  Th  lusion  is  as  cer- 
tain and  complete  as  any  one  of  pure  mat  ma  if  tl  re  be  any  excep- 
tions, they  are  only  such  as  may  be  asc  l>ed  lo  mpe  ec  examination,  or 
some  other  cause  not  infringing  on  tho  truth  of  the  fundamental  prinwple. 

From  what  haa  been  stated,  it  follows  that  the  word 
atom  may  be  used  to  express  either  an  ultimate  individual 
particle  of  a  substance,  or  the  simplest  and  smallest  com- 
bining proportion  of  a  substance.  Indeed  it  is  customary 
in  chemical  works  to  employ  the  word  in  both  its  signifi- 
cations— atom  and  atomic  weights  expressing  the  same 
thing  as  equivalent  and  ecLuivalent  weighte. 

Many  other  curious  facts  and  relations  have  been  discovered  since  the  first 
announcement  by  Dalton  of  the  atomic  theoiy,  which  present  strong  addi- 
tional evidence  of  the  correctness  of  his  views. 

264.  Specific  Heat  of  1  to  mR.—Forexamplo,  there  appears  to  be 
a  relation  between  tho  atomic  weight  of  a  body  and  its  capacity  lor  heat. 
Tims,  the  alomio  weights  of  the  metals,  iron,  copper,  mercury,  and  lead,  aro 
rcspeetivcly  represented  by  tho  numbers  28,  32,  100,  104.  Now  if  any  of 
these  four  metals  be  taken  in  these  relative  proporUons,  it  will  require  tho 
same  expenditure  of  heat  to  make  them  equally  hot.  104  pounds  of  lead  can 
be  heated  up  to  212°,  for  example,  by  burning  the  same  amount  of  alcohol 
■which  will  heat  lOO  pounds  of  mercury,  32  of  copper,  or  28  of  iron.  A  ami- 
lar  correspondence  is  also  known  to  exist  between  tho  atomic  weights  and 
the  capacity  for  heat  of  tin,  zinc,  nickel,  cobalt,  gold,  platinum,  sulphur,  and 
tellurium,  and  according  1«  some  authorities,  the  correspondence  extends  to 
all  the  elements.  If  this  last  supposition  is  true  (which  is  not  proved),  the 
determinarion  of  the  speriflc  heat  of  a  substance  would  also  afford  the  means 
of  knowing  its  atomic  weight  and  combining  equivalent     Compound  atoms 

Qdbstiobb Sini™  the  announcement  of  thcalDidlc  theory,  hsve  any  circnniBtancnB  con- 

nighl  et  an  clemt^nt  mi  lla  oapsclt^  for  hgatr 
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have  also,  in  socoe  instances,  been  provod  to  have  the  same  relaliocs  to  heat 
as  the  simple  atoms  compo^ng  them. 

Tliere  has  also  an  inWresting  relation  been  traced  between  the  atoniio 
weights,  the  specific  grayities,  and  the  combining  measures  or  Tolumes  of 
those  elements  which  exist  in  the  gaseous  state,  or  are  capable  of  assuming 
it.  For  example,  a  cubic  foot  of  nitrogen  weighs  just  14  times  as  much  aa 
a  cubic  foot  of  hydrogen  ;  a  cubic  foot  of  chlorine  35  times  aa  much ;  of 
bromine,  80  times  as  much;  of  oxygen,  16  times  aa  much;  and  tlio  samo 
meaaureoftho  vapor  of  iodine,  127  times  as  much.  Now,  these  numbers  ro- 
■pectively  represent  Iho  densty  or  apeeiHc  gravity  of  these  gases,  compared 
with  hydrogen  as  unity;  and  they  also  represent  the  atomic  weighta,  or  com- 
bining equivalents,  of  theae  several  elemenla, — with  the  exception  of  oxygen, 
which  is  double. 

It  is  important  for  the  student,  in  the  couMderation  of  the  whole  s  bjeet, 
to  clearly  distinguish  between  the  doctrine  of  chemical  comb  na  n  by 
equivalents,  or,  aa  it  is  often  termed,  "by  atomic  weight,"  and  the  at  m  o 
theory.  The  first  is  a  truth  independent  of  all  tbcfliy,  and  rende  ed  manifest 
to  our  comprehension  by  experiment  and  practical  demons  t  on.  The 
atomic  constitution  of  matter,  on  which  the  law  of  combination  by  p  opo 
tiona  is  supposed  to  depend,  can  not,  on  the  other  liand,  be  p  o  il  by  ex 
periment,  and  still  remains,  and  probably  over  must  remain,  in  the  condition 
of  a  highly  probable  theory.  The  moat  subtile  and  refined  analysis  has  never 
yet  enabled  any  one  to  isolate  an  indivisible  portion  of  matter,  or  even  to 
adduce  any  direct  evidence  of  tlio  absolute  existence  of  matter  hi  this  condi- 
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265.  Chemical  Nomenelature  and  SymboU.— Chemists 
recogDiae  thi-ee  great  classes  of  substancesj  viz.,  Acids, 
Bases,  and  Suits. 

Ac  ills. — The  common  idea  of  an  acid  is,  a  substance  so- 
luble in  water,  which  possesses  the  property  of  sourness, 
and  which  exerts  such  an  action  on  \e<;etable  blue  colors 
as  to  change  them  to  red.  The  chemist,  however,  disre- 
gards these  properties,  and  considers  all  those  substances 
to  be  aciJs  which  enter  into  combination  with  bases  to 
form  salts. 

Vinegar,  oil  of  vitriol  or  sulphuric  acid,  and  aquafortis  or  nitric  acid,  arc  fa- 
mUiar  oxamplea  of  iJio  class  of  acids. 

Bases. — A  substance  which  is  capable  of  entering  into 
combinaiion  with  an  acid,  and  by  so  doing  destroys,  or 
neutralizes  its  properties,  is  called  a  Base.  The  bases  in- 
clude those  substances  known  as  the  alkalies,  beside  many 
other  bodies  of  entirely  different  character. 

Alkalies. — An  alkali  is  a  substance  possessing  many 
qualities  exactly  the  reverse  of  those  which  belong  to  an 
acid.  It  dissolves  in  water,  and  produces  a  liquid,  soapy 
to  the  touch.  It  has  an  acrid,  nauseous  taste,  and  restores 
the  blue  color  to  vegetable  extracts  which  have  been  pre- 
viously reddened  by  acid. 

Potash,  soda,  and  hartaborn  or  ammonia,  are  instances  of  well-known 
allialiGS. 

Sails. — Any  compound  produced  by  the  union  of  an  acid 
and  a  Iwse  is  termed  a  Salt. 

By  tlio  voltaic  pile,  salts  are  decomposed  into  acids  and  bases,  tho  acids 
going  lo  the  positive  po!e,  and  tho  bases  to  tho  negative.    We,  therefore,  coll 


CAHiitst  cipUnation  oftha  rc^lar  cry^lAUln&form,  ftnd  the  cleavage  nf  ^mple  SQbslaDC 

The  aocond  bypotheels  auppoacd  that  atams  have  a  spherical  form !  and  that  regii 

crfBtalllne  forma  arc  occaBioned  b;  tlie  peculiarity  of  tbeir  atrangeniont  in  rsryingnu 

bctn  nod  aOBles.     ThuB,  1  ■pliores  forminB  a  baso,  and  i  plMoS  perpend leularly  01 


,— What  three  great  cIkbub  of  Buhalances  are  rccoBTilE 
Whatareeiamplcsor  sridaf    What  are  baicB  ?    Ue 

its  oonaMnenlBdlslrlliutij  IhenisolvoB? 
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tiie  acid,  -in  reference  to  its  clectrieal  cliaracter,  tiio  electro-negative  constitu- 
ent of  a  salt,  and  the  baae  the  clccCro-poaitive. 

Some  of  the  properties  of  aeids  and  alkalies  may  be  oxperimentall)'  illus- 
trated by  means  of  a  colored  veget^le  solution,  such  as  the  purple  liquid 
prepared  by  slicii^  a  red  cabbaj;e  and  boiling  it  in  water.  If  a  quantity  of 
this  infusion  be  divided  into  two  portions,  and  to  the  one  be  added  a  little 
weak  Bulphurie  acid,  ft  red  llqmd  will  be  obtained.  If  to  the  other  a  solution 
of  an  alltali  be  added,  as  potash  or  soda,  a  liquid  of  a  green  color  ia  formed. 
On  paduaJly  adding  the  aUialine  solution  to  tho  other,  stirring  the  mixtnia 
EODstantly,  tlie  green  color  of  the  porUona  Qrst  added  instantly  disappears,  and 
tho  whole  liquid  reniaios  red ;  as  more  and  more  of  tbo  solution  containing 
the  alkali  ia  added,  the  red  by  degress  passes  into  purple,  and  on  continuing 
to  add  it,  a  point  is  readied  whon  the  o[^inal  red  hquid  acquires  a  clear  blue 
tinl«  At  this  moment  there  ia  neither  free  alkali  nor  free  acid  in  the  liquid,  for 
the  two  have  chemically  united  with  each  other,  and  have  lost  their  charao- 
teristic  properties.  If  the  solution  be  now  evaporabsd  at  a  gentle  heal,  a 
solid  crystalline  substance  is  obtained,  resulting  from  the  combination  of  the 
sulphuric  acid  with  the  potash.  This  substance  is  a  salt,  and  is  called  Bul- 
phato  of  potash.* 

The  acids  and  tho  alkalies  are  both  remarkable  for  their  great  chemical 
activity.  Tho  acids  dissolve  all  the  motnis,  oven  tlie  moat  compact  They 
also,  except  when  veiy  weak,  destroy  the  skin  and  nearly  all  animal  and 
v^ctable  substances.  Tho  action  of  tho  alkalies,  especially  potash  and  soda, 
is  no  less  marked.  They  destroy  tbo  skin,  if  allowed  to  reraam  on  itj  and 
gradually  remove  the  glaae  from  vessels  of  glass  and  earthen-ware  which 
contain  thera.  They  also  quickly  remove  paint  from  the  suifece  of  any 
object  upon  which  their  solutions  ML  But  the  most  rernarkablo  properly  of 
ncida  and  alkalies,  is  the  power  which  they  have  of  utiitjng  with  each  other, 
and  destroying,  or  neutralizing  the  chemical  activity  whicli  distioguishes  them 
when  separate. 

No  aimplo  or  elsmentary  substance  lias  tho  propertios  of  cither  an  acid  or 
alkali,  Conacquontly,  all  acids  and  alkalies  are  compounds  oftwoormore 
elements, 

266.  Nentral  Bodies.  —  A  substance  which  poBscsses 
neither  the  properties  of  an  acid  nor  a  base,  is  termed 
neutral. 


re  deti^ated  aa  "  test  papers." 

le  properties  of  on  add  or  alkill  f    What  »re  the  nealml  bofllos  J 
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Water  is  tba  porfcction  ofa  neutral  substance,  altbougb,  in  eome  Jnslaaces^ 
it  may  supplj  the  place  of  an  acid  or  a  base 

261.  UrigiD  of  Chemical  IV  omenclalu  r  e  —The  principlea 
upon  which  chemical  numtntlalure  is  founded,  were  eslablished  by  a  com- 
mittee of  the  French  Academy  m  1TS7  It  waa  toaud  that  owing  to  the 
rapid  progress  of  science,  the  number  of  new  clieniiLal  substances  increased 
Ko  fast,  that  unless  some  unilonn  system  of  naming  and  classifying  were 
adopted,  tlic  moat  inestncable  contusion  would  resuli  The  committee,  thoro- 
fore,  devised  a  nomenolatuii}  which  aims  not  merely  to  give  a  distinguishing 
name  to  the  substances  spoken  of)  but  also  to  convey  a  kuowlei^  of  their 
components,  and  even  of  the  proportions  in  which  those  components  occur. 
Tliis  object  wag  in  a  great  degree  attained  to,  and  the  system  then  instituted 
remains  io  use,  so  far  as  its  essential  features  are  concerned,  to  the  present 

168.  Nomenclature  of  the  ElemeDts  .—The  elements  which 
have  been  known  from  the  most  remote  period  retain  tbeir  common  names, 
and  also  tlieir  Latin  namoa,  to  a  considerable  extent — as  for  example,  Iron 
(Ferrum),  Gold  (Aurnm),  Copper  (Cuprum),  Mercury  (Hydragyrum),  Klver 
(Argentum),  Lead  (Plumbum),  Tiii(Stannum).  If  the  element  has  been  mado 
known  in  modern  tunes  through  chemical  research,  the  name  it  boars  gcner- 
ally  indicates  some  distinguishing  feature  by  which  it  is  characterised;  thus. 
Phosphorus  (from  the  Greelt  ^wc,  l^ht,  and  ijicpu  to  bring),  from  its  property 
of  shlnii^  in  the  dark;  Chlorine  (from  ;t?.tipof,  green),  from  its  peculiar  color; 
Bromine,  from  j3pi5^of,  a  stencti,  etc  To  the  recpnlly  discovered  motals,  a 
common  termination  in  um  has  lieen  assigned,  as  Platinum,  Palladium,  Iiidium, 
Potassium,  Sodium,  Alummum,  etc, 

2d9.  Somenclalute  af  Compounds — When  two  elements  unite, 
tlio  product  is  called  a  binary  compound  (from  bis,  twice) ;  thus,  water,  com- 
posed of  oxygen  and  hyiirogen,  sulphuric  acid,  composed  of  oxygen  and  aul- 
of  iron,  composed  of  oiygen  and  iron,  are  examples  of  binary 


Coniponnds  of  binary  combinations  with  each  other,  as  sulphuric  acid  with 
oiyd  of  iron,  are  called  lenmry  compounds  (from  fcr,  thrice),  three  elements 
being  concerned.     Most  of  the  mineral'!  are  ternary  compounds. 

Combinations  of  silts  with  each  other  are  named  quaternary  compounds, 
or  double  salts.  Alum  is  an  example,  bemg  a  compound  of  sulphate  of  pot- 
ash and  sulpliate  of  aluminum. 

Compounds  of  oxygen  are  termed  oxyds.  Thus  water 
ia  an  oxyd  of  hydrogen,  iron-rust  an  oxyd  of  iron. 

The  binary  compounds  of  clilorine,  bromine,  iodine,  fluorine,  and  several 

other  elements  which  resemble  oxygen  in  their  mode  of  combination,  are 

Qnraiiose.— What  hm  Uio  orlBio  of  the  ehemloal  nomenclature  now  In  bbo  T    What  is 


of  chlorine,  lodiue.  Quo 
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distinguished  b;  Uie  final   termmatioa  ide.     Thus  chlorine  Ibrms  chloridea ; 
iodine,  iodides;  fluorine,  Quoridca;  sulphur,  sulpirides,  etc.* 

When  oxygen  eombinCB  with  the  same  elemeut  io  more  than  ono  propor- 
tion, formiog  different  oxyds,  the  eereral  combinatioua  are  distinguished  &oni 
eaeh  other  by  tlie  use  of  prefixes.  Thua,  the  first  oxyd,  or  the  one  which 
contains  but  one  equiyalent  of  oxygen,  is  known  aa  the  ProUrxide  (from  the 
Greek  nptirof,  tlio  first) ;  the  compound  of  two  proportiona  ia,  in  like  manner, 
designated  as  the  deutoxyd  (JttT-epnc,  double),  and  also  as  the  biuoxyd  {ft, 
double) ;  the  compound  of  Uireo  proportions  is  also  known  as  tho  tritozyd 
(TfitTof,  third). 

The  oxyd,  also,  which  containa  the  largest  proportion  of  oxygen  with 
whioh  the  body  is  known  to  unite,  is  termed  tho  peroxyd.  In  like  manner, 
tlie  highest  combinations  of  chlorine,  sulphur,  iCNline,  etc.,  are  termed  per- 
elilorides,  persulphides,  periodides. 

Eor  example,  oxygen  unites  with  hydr<^a  in  two  proportions  ;  the  first 
combination  is  Uie  protoxyd  of  hydrogen  (water) ;  tho  second  and  highest 
is  Iho  peroxyd.  Again,  with  manganese,  oxygea  unites  in  three  propor- 
tions :  the  first  is  termed  Ite  protoxyd,  tho  second  tho  deuloxyd,  or  binoiyd, 
and  the  Uiird  the  peroxyd. 

With  some  elements  oxygen  enters  into  combination  in  tho  proportion 
of  3  to  2,  or  in  the  ratio  of  14-  of  oxygen  to  1  of  the  element.  Such  a  com- 
pound is  termed  a  sesquioiyd  (from  tho  numeral  sesqui,  once  and  a  half). 
Certain  other  oxygen  compounds  are  formed  in  the  proportion  of  2  of  tho 
element  to  i  of  oxygen ;  such  are  termed  suboxyds,  as  the  suboxyd  of 
copper. 

impounds  formed  by  the  union  of  oxygen  with  tho  different 
an  add  character  (aa  veiy  many  of  them  often  do),  a  different 
0  mark  this  pcculifuity.  The  compound  is  then  termed  lui 
3  is  derived  from  tho  anhstanee  which  combines  with  tho 
e  termination  ic  added.  Thus,  sulphur  with  oxygen  gives  sul- 
ic  add ;  carbon  witli  oxygen,  carbonic  acid ;  and  phosphorus  with  oxygen, 
phosphoric  acid.  It  frequenllj-  happens,  however,  that  an  element  forms 
more  than  ono  acid  with  oxygen.  When  this  is  the  oaae,  the  termination  v: 
is  applied  to  the  strongest  add,  and  om  to  the  weaker.  Thus  we  have  sulphurio 
and  sulphurous  adds,  nitric  and  nitrous  acids. 

The  salts  which  these  and  other  similar  adds  form  by  unitmg  with  haac^ 
are  named  in  an  equally  simple  manner,  the  acid  supplying  the  generic,  and 
the  base  the  spedilc  name:  the  oua  termination  of  the  acid  is  also  changed 
into  He,  audio  termination  into  als.    Thus,  sulphite  of  soda,  nitrite  of  potass^ 

•  Blmry  toropognds  of  sulphur.  plKuphomn  and  ciirbon,  Bro  Blso  Torj'  genanlljr  knoira 
bj- tho  trnotnillon  nnrf,  b?  lulphuret  of  iron,  oarburstled  hydrogen,  etc 

QoiaTinss.— How  MB  the  lirsl,  siwond  and  lh[ri!  (iiydadfatinguijhod?    tVhatlaapsr. 
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Bulpliale  of  Boda,  and  nitrate  of  potassa,  are  ealta  respectivBly  of  sulphuroua, 
Ditrous,  Bulphurio  and  nitric  acida.* 

Tliia  nomenclature  served  to  distinguish  these  acids  and  thoir  salts  until,  as 
the  adeoce  of  chemistry  advanced,  a  compound  of  oxygen  and  sulphur  was 
discovered  containiag  less  oxygen  than  the  sulphurous,  and  tlicn  a  new  name 
was  required ;  it  was  therefore  called  hj/posulpharoua  acid,  and  the  salt  formed 
with  it  ia  termed  a  kyposu!pkile  (from  tiie  Greek  vno,  noder) ;  so  also,  when 
on  acid  was  discovered  oontaioing  lo^  oxytfcn  than  the  aalphuric,  but  more 
than  tlie  sulphurous,  it  waa  called  hyposulpliuric,  and  ita  salt  a  hyposulphato. 
In  some  oases  adds  have  been  discovered  containing  more  osygen  than  tlios© 
already  named  with  terminations  in  k;  to  these  the  prefix  hyper  {from  Uie 
Greek  irrip,  over)  is  attached.  Tlius  chloric  add  was  for  a  very  long  time 
the  highest  oxygen  compound  with  clQoriue,  but  another  still  higher  is  now 
known.  The  last,  therefore,  is  designated  as  liy  perchloric,  and  eometimes  as 
perchloric  acid.     Its  aalla  are  called  hyperohloratea. 

2T0.  ClassiflcalioD  of  Ac  idx— It  was  oncesupposed  that  the  pres- 
ence of  oxygen  in  a  sabatanoB  waa  ossenlJal  to  ita  acidity,  but  Ihe  progress  of 
reseiuTjh  has  revealed  the  existence  of  adds  which  are  entirely  wanting  ia 
oxygen.  Most  of  tlie  adds  which  are  wantii^  in  oxygen  contain  hydrogen 
in  its  place.  They  are  distinguished  by  prefixing  to  them  the  word  hydro, 
aa  an  abbreviaUon  for  hydri^n.  Thua,  chlorine  and  hydrogen  form  an  acid, 
hydrochloric  add,  often  c^ed  muriatic  acid ;  cyanogen  and  hydrogen  ibrni 
hydrocyanic  add,  or  prussic  acid ;  sulphur  and  hydrogen  (iiroi  hydrosnlphurio 
acid,  etcf  Some  chemists,  especially  the  French,  Iransposo  iLese  torms; 
they  apeak  of  chlorohydricacidcyanhydiio  acid,  solpbydlic  add,  etc.  There 
ia  an  advantage  in  this  alteration,  aa  it  ayoida  any  ambiguity  which  might 
arise  from  the  use  of  tlie  prefix  hydro,  which  has  sometimes  been  appUed  lo 
compounds  wliiah  contain  water. 

211.  Clasnifi cation  of  Salts.— In  the  early  days  of  chcmiatry, 
the  term  salt  was  applied  to  all  substances  indifferently,  which  resembled  com- 
mon salt  in  appearance  and  properties.  Subsequently,  the  use  of  the  term 
was  restricted  to  those  compounds  only  which  were  formed  by  the  union  of 
an  add  and  a  base:  but  when  chemical  knowledge  had  still  fiirtlier  prc^ressed, 

*  It  naj  here  be  irell  to  cau tinn  thsge  nho  srejuat  commem^ng  the  study  nf  chemlitry. 
of  the  ncMBrity  of  dlatlngulsbing  clearly  between  compounda  such  as  tbp  Bulphitte  and 
Uie  lulphateg,  nr  the  sulphides  and  the  sulphlteL  Sulpbide  of  uilium  Irj  a  binnry  coin- 
ponnd  of  two  elementary  bodies,  soilium  and  sulphur;  sulphlle  of  sods,  Ian  mo^  complex 

phfltD  of  soda  is  formed  by  the  union  of  sulphuric  acid  snd  soda. 

t  Tba  aclda  formed  by  the  uidon  of  sulphur  and  arsenic  with  byrtrogen  are  also  very 
commonly  known  as  aulpbaretted  hydrogen,  and  araeninrcLtcd  hydrt^cn. 
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iC  was  found  that  if  tliis  defloition  was  rigidly  enforced,  it  would  exeludo  from 
the  clasa  of  Baits  a  considerable  number  of  compounds  which  possess  tho 
physical  chuiicteilstics  of  a  salt  Id  a  most  emuiect  degree.  Among  tticeo 
was  common  salt  itself  wbioli,  although  the  tjpe  of  all  salts,  is  not  a  com- 
pound of  an  acid  or  a  base,  but  a  compound  of  two  elements,  chlorine  and 
sodium.  In  like  manner,  tho  compounds  of  iodine,  bromine,  and  fluorine 
with  tho  metals,  possess  in  a  T017  high  degree  tlie  saline  character.  To  dh- 
vial«,  therefore,  the  somewhat  startling  proposition,  that  common  salt  is  no 
salt  at  aU,  and  to  avoid  doing  yiulence  to  a  long  received  and  expressed  com- 
mon idea,  two  classes  of  salts  were  established. 

The  first  ola^  ineludca  all  those  binary  compounds  whicli,  lilte  common 
salt,  are  tbrmed  by  the  direct  union  of  a  metal  mth  some  other  substance, 
called  a  salt  radical,  as  chloiino,  Iluorinc,  bromine,  etc  Compounds  of  this 
eharaoter  are  termed  Haloid  Salts. 

Aadical. — Tlio  term  radical  in  chemistry,  is  generally  applied  to  any 
Bubstanoo,  simple  or  compound,  whidi  can  unite  with  hydrogen  to  form  an 
aoid  compound,  and  with  a  motal  to  fbrm  a  salt 

Tho  floeond  clasa  includes  all  those  salts  formed  by  the  union  of  an  add 
and  a  base.*    Those  are  termed  osy-salta,  or  oxygen  acid  salts. 

Many  of  the  oorapounda  of  sulphur  with  tlie  metals,  aa  the  compound  of 
sulphur  and  potassium,  also  possess  a  salino  diaracter,  and  arc  termed  sul- 
phur salts. 

Such  in  general  are  the  prindples  of  chemical  nomendaturc,  aa  established 
by  the  Committee  of  the  Frenoii  Academy.  As  before  said,  the  object  of  the 
inventors  ofthia  language  was  not  only  topve  a  disUnguishing  name  to  the 
TubgCancea  spoken  o^  but  also  to  convey  a  knowledge  of  its  chemical  compo- 
sition. That  this  has  been  accomplished  in  a  groat  degree,  will  be  evident 
irom  one  or  two  illustrations.  Thus,  the  name  li-chramale  of  potash  indicates 
by  simple  inspection  that  the  substance  is  an  oxygen  add  salt,  composed  of 
chromic  acid  and  potasli,  the  preflx  hi  showing  that  tlio  equivalent  or  pro- 
pjrtion  of  add  10  base  is  as  two  fo  oce.  Again,  tho  name  permasiganale  of 
poiash  mdicates  a  compound  of  manganic  add  and  potash,  and  ths  pre&x  j;cr 
shows  that  the  atad  in  question  is  tho  highest  oxygen  compound  of  mangan- 
ese known 

272.  S  y  m  b  0 1 B  .—Although  tlie  chemical  nomenclature  in  use  is  most 
convenient,  and  perliaps  as  perfect  in  principle  as  tlie  nature  of 

'  A  beaullfgl  ttlnstrallon  of  the  nniversulity  of  the  li».  thai  IwiUpb  replsCB  cb 
Ai  comblnHtLan  Id  iiied  eqnivalBTit  quantities.  Is  found  In  tho  comblnatlDn  of  ealli 

trongbt  Into  chemlDal  contact  with  each  other,  the  two  l)ue?  o^change  acids  b^ 
compeofiaHon  i  the  ori^nal  componnds  are  attogethsr  lost,  and  two  new  talla 
withoBt  either  [08S  or  addition  of  any  k1ji<t  in  the  proccsB. 
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will  allow,  yet  the  impractieafcility,  in  nnny  cases,  of  contriving  conrcnipnt 
names  oxpresOTo  of  tho  constitution  of  many  comploi  chemical  compounds 
(the  esjalenoe  of  some  of  wiiich  was  not  known  or  eron  anticipated  by  the 
inventors  of  cliemical  Inngaage),  bas  ltd  to  tlie  employment  of  symbola 
These  constitute  a  speeioa  of  ehort-liand,  which  not  only  suppliea  all  de- 
fidendos  of  the  nomenclature,  but  enables  us  to  repreaeut  to  the  eye,  and 
describe  with  mathematicul  accuracy  and  rapidity  the  known  composition  of 
every  choniical  substance,  and  the  changes  which  it  may  undergo  The  em 
ployment  of  symbols  has  now  become  universal,  and  is  also  mdiapcnsible  lo 
both  teacher  and  student  in  the  Etudy  of  chemistry 

273.  Symbols  of  Ekments.— It  haa  liecn  agreed  hy  all 
chemists  to  use,  as  symbols  of  the  elements,  the  first  let- 
ter of  their  Latin  names.  When  two  or  more  names  com- 
mence with  the  same  initial,  a  second  distinguishing  letter 
18  added. 

In  the  table  of  clemcntaiy  bodies,  the  symbol  of  the  several  clemcnta  will 
bo  found  oppo^ta  fo  their  names. 

The  symbols,  when  used  singly,  represent  not  merely  the  element  for  wliieh 
they  stand,  but  one  equivaleut  of  that  element.  Thus,  the  symbol  O  stands 
not  Ibr  oxygen  in  general,  but  for  one  equivalent  of  oxygen,  or,  hydrogen 
being  unity,  for  the  number  8.  IT,  in  like  manner,  stands  tar  one  equivalent 
of  liydr<^en,  and  tlie  number  1 ;  C  for  one  equivalent  of  carbon,  and  the 
number  6;  Fb  for  one  equivalent  oflead,  and  the  number'lOl. 

If  more  than  ono  equivalent  of  a  body  has  to  be  espressed,  it  is  signiflcd 
either  by  writing  a  small  figure  to  the  right  of  the  symbol,  and  generally  be- 
low the  line.     Thus — 

Os  stands  for  2  equivalents,  or  1 G  of  oxygen. 
Oi  "        5  ■'  or  40      " 

Tho  same  may  be.  represented  also  by  preGxing  the  number  fo  tho  symbol, 
as  20,  50. 

The  symbol  may  also  bo  considered  as  representing  the  atomic  constituf  ion 
of  a  liody.  For  example,  0  stands  for  one  atom  of  oxygen  as  well  as  fix 
one  equivalent ;  Oa  for  two  atoms ;  Os  for  five  atoms. 

2T4.  Symbols  of  Compounds.— In  order  to  form  the 
symhol  of  a  compound,  we  unite  the  symhola  of  the  ele- 
ments of  which  it  consists,  one  after  the  other,  indicating 
by  means  of  figures  the  number  of  each  which  have  en- 
tered into  combination. 

Thus,  no  is  the  symbol  of  water,  a  compound  consisting  of  ono  equivalent, 
or  1  of  hydrogen,  and  of  one  equivalent,  or  8  of  oxygen  ]  SOa  Is  tho  symbol 

QnEBiiosB.— Whtt  symbols  are  used  to  designate  the  elements  I  What  does  a  E[ng1e 
■ymboL  of  H.n  tteiDcnt  reprcBflnt?  Hov  are  several  equirilflnte  of  an  element  repre^^eoled 
bjsyinbolHf    Hot  ia  ttie  cooBtltutlon  of  compounds  reprefiU'iU'd  by  bvihIhiIb? 
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orBulphuric  (leid,  a  compound  consisting  of  ona  (quivalent^  or  IG  of  eulphur, 
and  three  equivalcnta,  or  24  of  oxygen.  Cu  Hu  On  js  the  ajTubul  of  com 
mon  sugar,  a  oompoimd  consisting  of  tweUe  equivalents  of  carbon,  eleven 
equivalents  of  hydrogen,  and  eleven  equivaltnts  of  oi.vgLn 

A  collection  of  symbols  inilicatii^  tho  conatitulion  uf  compounds,  la  called 
a  formula. 

Compounds  aniicd  with  compounds,  such  aa  salts,  are  ospresaed  in  a  simi- 
lar manner,  the  base  of  t!io  sail,  or  the  electro-positive  element,  being  always 
placed  firat.  Thus,  sulphuric  acid  has  tlio  formula  SOs,  and  oxyd  of  iron, 
that  of  FcO,  consequently  the  formuli  FoO-1-SOs  will  represent  one  equiva- 
lent of  sulphate  of  the  proloxyd  of  iron.  Frequently  a  comma  is  placed  be- 
tween tho  two  compounds  instead  of  the  algebraic  sign  +.  Thus,  sulphate 
of  ui]n  may  be  writlen  FeO,  SOj,  This  mode  is  usually  adopted  to  express 
a  more  intimate  union  than  when  the  sign  +  ia  used.  Thus,  SOs,  I]0,-|-2  HO 
indicates  that  an  equivalent,  or  compound  atom  oT  sulphuric  add  haa  united 
with  tlireo  equivalents  of  water,  two  of  which  are  loosely  retained,  and  one 
very  strongly. 

Whore  it  is  necessary  to  indicate  more  than  one  equivalent  of  a  compound, 
the  whole  fbrmula  of  that  compound  is  included  in  a  bractel,  and  preceded 
by  tho  indicating  number.  Thus,  three  equivalents  of  sulphate  of  hon  would 
be  written  3[FeO,  SO3].  The  figure  preDxed  multiplies  nothmg  beyond 
the  symbols  included  within  tho  bracket.  Thus,  in  the  ibnnula  for  crystal- 
lized alum — 

Als  Oj,  3[S0s]-f-K0,  S03-i-24  HO, 
aie  3  which  precedes  3  O3  only  indicates  that  three  equivalents  of  sulphuric 
acid  are  present.    Frequently  the  employment  of  brackets  is  neglected.  End 
then  the  figures  multiply  all  the  symbols  included  hetwoen  them  and  tho  next 
comma  or  sign  of  addition. 

275.  Reactions  and  Reagenls.— The  various  chemical 
changes,  to  which  all  matter  is  more  or  less  liable,  are 
termed,  in  the  language  of  chemistry,  reactions  and  the 
agents  which  cause  these  changes,  reagents. 

In  addition  to  the  mformation  which  symbols  convey  relative  to  the  com- 
poation  of  the  substances  for  which  they  stand,  they  can  also  be  so  combined 
in  the  form  of  equations,  as  to  show  in  the  most  perfect  manner  the  varions 
products  which  result  from  chemical  reactions.  For  this  purpose,  the  symbols 
of  the  substances  involved  in  tho  reactions  are  placed  together,  so  as  to  fonn 
one  dde  of  the  equation,  and  the  symbols  of  the  products  resulting  ftom  the 
reactions  on  the  other  side.  But  as  not  the  smallest  particle  of  matter  can  be 
annihilated  by  any  chemical  action,  it  follows  that  tho  value  of  both  sides  ot 
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the  equflUon  must  ba  equal,  or  in  ollior  words,  tlio  sum  of  tlio  weights  of  the 
liroductsof  every  reacdon  must  bfi  always  equal  to  the  sum  of  the  we^lil.a 
of  the  substances  involvod  In  the  change.  For  example,  the  decompoaltion 
of  carbonate  of  hme  (marble)  by  sulphiirio  add,  ami  the  llboratioa  of  curljomo 
add  gaa  may  bo  represented  by  tlio  folbwing  equation  ; 

20+8,-|-e^-16,+lS+21— 20+8,+I6+24-|-6+lG— 90. 
Ca    0,    C    0,-fS     Ob— Cft    O,      S     Oj-fC    0^ 
The  correctness  of  tills  equation  may  be  proved  by  adding  together  the 
oquiTalenta  of  both  aides,  when  tfie  sums  will  bo  found  to  be  equal 

A  very  little  practice  will  render  tlie  tise  of  symbols  familiar  to  all.  To 
ejcpedite  tho  acquiatioii  of  this  knowledge,  the  student  will  find  it  advaii- 
t^eous  to  eierciso  himself  in  tho  expression  of  ehomical  changes  by  sym- 
bols, whenever  tho  opportunity  occurs,  until  he  is  thoroughly  acquainted  with 
tbcir  BigniSca,tion  and  use. 

276.  I  s  0  m  e  r  i  8  m. — UnHl  within  a  recent  period,  it  was  an  acknowledged 
prindpie,  that  two  bodies  contdning  the  same  elements  combined  m  exactly 
the  same  proportion,  must  of  necessity  possess  the  same  properties,  and  be 
mutually  convertible  into  each  other.  Such,  however,  Is  cot  the  fact,  and 
numerous  substances  are  now  known  to  exist,  which  are  identical  in  ohemieal 
composition  aud  yet  exhibit  totally  distinct  phyaoal  and  chemical  properties. 
Different  bodies  thus  agreeing  in  compaction  but  differii^  iu  properties,  are 
said  to  be  isam^c  (from  lao;,  equal,  and  /icpoc,  part),  and  the  phenomenon  m 
general  is  termed  Isomerism. 

A  groat  class  of  bodies  known  as  the  volatile  oils,  oil  of  turpentine,  oil  of 
rosemary,  oil  of  lemons,  and  many  othere,  are  examples  of  bodies  which  dip 
for  widely  from  each  other  in  respect  to  odor,  medicinal  effects,  boiling  point, 
speciSc  gravity,  etc.,  and  yet  are  exactly  identical  in  eompoMtion — that  is, 
they  contain  the  same  elements,  carbon  and  hydrogen,  in  the  same  propor- 
tions.* "The  crystallized  part  of  tho  oil  of  roses,  the  delicious  fragrance 
of  wliich  is  so  well  known,  a  solid  at  ordinary  temperatures,  although  read  ly 
volatile,  is  a  compound  body  containing  exactly  the  same  elements,  and  in 
the  same  proportion,  as  the  gas  we  employ  for  lighting  our  streets." 

The  diiTerence  of  properties  in  isomeric  bodies  is  esplainod  very  amply  by 
the  atomic  theory.  "  It  is  supposed  that  the  atoms  in  eadi  particular  case 
are  differently  arranged,  in  the  same  way  as  the  most  manifold  grouping  may 
be  produced  on  a  chess-board  by  transposition  of  tho  white  and  black  squares, 
aa  is  showD  in  Fig.  76.  Each  flguro  is  composed  of  eight  white  and  eight 
black  squares,  but  thoi^h  tho  ^solute  number  la  the  same,  the  grouping  is 
different.    In  a  one  and  one,  in  i  two  aud  two,  in  c  and  d  four  and  four 
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squares  aro  so  joined  aa  to  proscnt  a  different  appearanco.  If  w 
tlicso  squarea  to  be  atoms,  wo  obtain  an  idea  of  isnmcrio  bodies,  and 
rendered  eloar  how  there  may  be  bodies  of  tho  si 


yet  profionting  an  entirely  different  appearaaoo  and  possessing  different  prop- 


217.  Alio  trcpiBin. — Many  of  tho  elements  are  capable  of  existing  In 
two  or  more  different  condition's  or  forms,  in  each  of  which  they  manifest 
different,  and  often  oppowte  properties.  This  principle  ia  termed  Allotropism, 
and  bodies  manifesting  eliangca  of  aach  chM'acter  are  called  Allotropio  (from 
liAXoTfiuiror,  different  naiare). 

One  of  the  most  striking  illustrations  of  allotropism  ia  to  be  found  in  the 
case  of  the  element  carbon,  which  osiats  in  a  pure  state  m  the  brilliant  trans- 
parent diamond,  m  the  opaque  and  black  charcoal,  and  in  tlio  metallie-liko 
body  known  as  graphite,  or  black-load.  Sulphur,  phosphorus,  sihcon,  boron, 
oxygen,  and  other  elemonts,  are  susceptible  of  similar  changes. 

Bodies  in  allotropic  conditions  differ  in  their  chemical  as  well  as  m  their 
physical  properties.  Carbon  as  the  diamond  is  almost  incombustible ;  carbon 
as  lomp-bladi  inflames  at  a  low  temperature,  and  aomedmes  ignites  sponta- 
ncoosly.  Phosphorus,  in  the  ordinary  condition,  is  soft,  yolbwish  in  color, 
lias  a  powerful  smell  and  taste,  and  can  scarcely  be  handled  with  impunity, 
sineo  it  bursts  mto  a  flame  at  a  temperature  a  little  above  that  of  the  human 
body ;  allotropic  phosphorus,  on  the  contrary,  is  of  a  dark  color,  liard,  de- 
vokl  of  both  smell  and  taste,  and  may  be  handled  without  danger,  and  be 
eren  carried  in  one's  pocket 

The  explanation  of  aUoljopism  is  referred  to  difFcrenoe  in  the  arrangement 
of  the  particles  or  atoms  constituting  the  body.  Thus  the  eame  fibres  of  cot^ 
ton,  when  closoly  matted  together,  constitute  hard,  tough  paper ;  when  ^mply 
carded,  wadding ;  when  twisted,  yam,  or  thread ;  and  when  intert winod,  doth. 
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CHAPTER    VI. 

THE    NON-METALLIC     ELEMENTS. 

218.  The  frenTsI'?  rooognized  divLsion  of  the  aimple  aubstances  into  Metal- 
lic and  Non-meUillic  eleraenls,  or  the  Metals  »nd  Metalloids,  (from  /iern-T^^ov, 
tnotal,  and  ciiac,  appenrance,)  although  most  coovenioiit  for  deaoription,  ia 
not  oslabliahed  io  nature,  aud  no  Blrict  line  of  sepaTation,  moreover,  botweea 
Iho  two  classes  can  bo  indicated,  since  some  of  the  elcmeDts  possess,  in  a 
nearly  equal  degree,  the  characteristics  of  botli. 

MftalloidSi— The  number  of  the  elements  generally 
included  in  the  clasa  of  metalloids  is  fourteen,  which 
may  be  enumerated  as  follows:  —  Oxygen,  Hydrogen, 
Kitrogen,  Chlorine,  Iodine,  Bromine,  Fluorine,  Sulphur, 
Selenium,  Tellurium,  Phosphorus,  Silicon,  Boron,  and 
Carbon. 

Characteristics  of  tlie  Me  talloiit  a.— Tho  characteristics 
which  serve  in  goncrtd  to  diatjnguish  tho  metalloids  from  the  metals  are 
as  follows; — They  do  cot  possess  a  metallic  appearance,  and  are  bad  con- 
ductors  of  heat  and  electricity.  When  binary  compounds  of  the  metals  and 
metaJloida  are  decomposed  by  the  i^eiicy  of  galvanism,  the  metalloida  always 
separate  at  the  positive  pole  (copper  side),  and  the  metals  at  the  amative 
pole;  as  bodies  endowed  with  opposile  electricities  only  are  atlraeted,  the 
metalloids  are,  for  this  reason,  termed  clectro-nogativo  elements,  and  tho 
metuls  electro-positive  elemcnta,  Almoat  all  the  metalloids  combine  with 
hjdrogcn,  but.  as  a.  general  rule,  the  metals  do  not 

SECTION    I. 


Eqaivaleni  S.  Symbol  O.  Density  I'l,  ^Air—I.) 
279,  H  i  s  1 0  r  y, — Oxygen  gas  was  discovered  by  Dr.  Priest- 
ley, an  English  clergyman,  in  1774.     He  called  it  depho- 
gisticated  air. 

In  thefbllowmgyearit  was  again  discovered  by  Scheele,  a  Swedish  chemist, 
and  by  Lavoisier,  the  illustrious  French  chemist,  without  cognizance  of  Priest- 
ley's discovery.  The  latter,  supposing  it  to  be  tlie  solo  agent  which  imparted 
to  bodies  their  acid  properUca,  gave  it  its  present  name,  OKygen,  (from  o^vr, 
acid,  and  ytvao,  I  pve  riao  to). 
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280.  Bfatnral  History  aod  D  is  tribul  ion.  — Oxygen  is  the 
most  abundant  of  all  the  elementary  substances,  but  ia  never  met  with  in  na- 
ture in  a  pure  or  isolated  couditiOD.  It  consDitulea  at  least  one  third  part  of 
the  solid  crust  of  the  globe,  eight-ninths  by  weight  of  all  the  waler  upon  ila 
sucfaco,  more  than  one  fifth  of  the  aimosphore,  auii  eight-nbths  of  the  vapor 
contained  in  tlie  atmoaphere.  It  ia  alao  an  easontial  constituont  of  all  Jiving 
structures,  and  ia  the  immediate  agent  by  whieh  animal  hfe  and  all  ihe  pro- 
cijsaes  of  combuatioo  are  sustained. 

The  meteoric  masass  whidi  lall  to  the  earth  from  the  inter  pJanotary  Kpacef^ 
have  little  or  no  osygen  in  their  composition,  and  in  this  respect  they  are 
unlike  any  of  the  compound  substances  which  compose  tho  crust  of  the  globe. 
Hence  the  intiiranco  has  been  drawn,  Uiat  m  some  of  the  great  planetary  masses 
of  the  Bobir  system,  from  wlience  meteorites  are  andoubtedly  derived,  oxygen 
does  not  exist  at  all,  or  in  much  smaller  proportions  than  npon  tho  earth. 

281.  Preparation, — Many  solid  eubstancesj  which  con- 
tain oxygen  in  combination,  readily  evolve  it  in  a  gaseous 
form  when  subjected  to  a  sufficiently  high  temperature. 

A  very  easy  method  of  obtaining  a  small  quantity  of  oxy-        ^^  ^^ 
gen  gas  for  experiment,  which  at  the  same  time  illustrates  the 
original  procosa  by  whieh  Priestley  discovered  it,  is  to  heat 
a  little  of  the  rod  oxyd  of  mercury  m  a  thin  glass  tube  (Fig. 
1J)  over  a  spirit-Ian^.*    In  tlvis  substance  tlie  affinity,  or 
chemical  attraction  which  holds  t<^tlier  th^  mercury  and 
tlie  oxygen  is  so  feeble,  that  a  very  slight  degree  of  heat 
suffices  to  bnng  about  decomposition , — the  mercury  collecting 
m  small  globules  on  tlie  bottom  and  sides  of  tlie  tube,  and  ^ 
tlio  oxygon  escaping  as  a  gas.     3ho  presence  of  the  latter  g 
(lem  nt  miy  bo  demonstrated  by  holdmg  an  ignited  sub-f 
Etince  over  the  mouth  of  the  ti 

If  It  11  desired  to  collect  and  preserve  the  oxygen  liberated 
in  this  experiment,  ono  end  of  a  bent  glass  tube|  is  fittud  by  ir 
*  Cf  llndrlcal  gUEii 


dUtribullonofoiresnt  Whalliifer. 
oric  jiloncEf  ?  Hoir  ill  ony^ll  generally 
uaritLt  J  of  oxygen  bo  oblaUiod  f 
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foralcd  cork  into  the  nioutli  of  the  generating  tube,  aud  ILo  other  end  U  con- 
ducted iulo  a  vessel  flUed  witli  water.  Tlie  apparatus  thus  arraoged  may  bo 
pi^  ^^  supported  by  meaiia  of  a  piece 

ol'  cord  or  wire,  or  by  a  sort  of 
wooden  rice  (retort  holder)  eon- 
Btruoted  for  chemical  purposes, 
and  repreaanted  [n  I^.  19,  The 
osygan  escaping  in  bubbles  from 
the  Olid  of  tJie  tubo  under  water 
1^  colloctcd  in  a  glass  bottle  or 
lar  whieli  has  been  prerkniBly 
MUed  with  water  aad  inverted 
iQ  the  vessel ;  care  being  taken 
e  tlier  to  close  the  mouth  of  tlio 
jar  or  else  keep  it  continuoosly 
under  water  during  the  act  of 
invirsiou.  JIo  water  will  escape 
hom  the  jar  until  bubbka  of  gaa 
"  im  tho  tube  arc  passed  mto  it ; 
it  when  this  is  permitted,  tlio 
gaa,  by  reason  of  its  superior  levity,  ascends  and  displaces  tiio  water.  As 
soon  as  one  jar  is  filled  it  may  be  removed,  and  its  month  closed  with  a  cork, 
or  kept  bolow  the  water  level,  and  another  substituted  in  its  place.  (See 
Pig.  19.) 

For  the  production  of  oxygen  gaa  in  considerable  quantity,  materials  loss 
Expensive  than  tho  red  oxyd  of  mercury  are  used.  The  most  conveuient,  and 
under  ordinary  ciroumstancos  the  most  economical  method  whidi  can  be 
adopted  is,  to  expose  to  heat  In  a  retort,  or  flask  furnished  with  a  bent  tubo, 
a  porExitly  diy  Mixture  of  equal  parts  of  chlorate  of  potash  and  bhiok  oxyd 
of  manganese.  A  common  Florence  flask  will  serve  for  this  purpose,  but  a 
flask  constructed  of  shoot  copper  and  fitted  with  a  small  lead  tubo  and  screw- 
cap,  is  preferable.*  A  spirit-lamp  affords  sulBeient  heat  to  offeet  de  uhom- 
ioal  decomposition,  and  the  gas  liberated  is  collected  in  the  manner  hefbro 
described.  The  salt  chlorate  of  potash  is  very  rich  in  oxygen — every  1 24 
parts  of  it  by  weight  containing  48  pacta  of  this  element  united  in  tho  solid 
form  with  36  parts  of  chlorine  and  39  of  the  metal  potassium.     On  llie  appli- 
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cation  oflieat,  all  this  osj^en  ia  driven  off  in.  a  gaseous  slato,  and  clilorint^ 
united  wiUi  potasaum,  forming  tUe  chloride  of  potas^um,  remaina.  Ttie  re- 
action may  be  rejausented  aa  ibllowa  ; — 

35 +*>+ 39  +S-35  4-  39  +  43-122 

CTilor  ite  of  potash  and  black:  oxjd  of  manganese  boti  j-  eld  o-^ygen  when 
licaled  acparately,  but  under  the  conditions  of  lieat  acd  m  t  ro  il  e  apt 
fled,  the  chlorate  of  potash  alone  daaeogagoa  oxygen.  The  m  ngun  ae  bon 
ever,  n  itlioat  taking  any  part  in  tlio  ehemical  decompos  t  o  e'ven  ses  an 
important  miluonce  on  the  process,  apparently  by  its  n  ere  presence,  ei  ua  ng 
the  osjgBa  to  be  'iborated  wifli  the  utmost  theiUty  and  regularity  and  at  a 
mueh  lower  temperature  than  when  the  chlorate  is  uaed  alone  The  action 
of  tho  manganese  in  producing  this  elFect  has  been  oxpla  ned  bj  auppc  fl- 
ing that  it  mechanipaJIy  aeparatcs  the  parHcles  of  tl  e  'Jalt  and  thus  dis- 
tributes tbo  beat  uniformly ;  but  if  this  is  true,  clean  an  ]  p  wden  d  gla  s, 
or  any  other  Bimilar  material,  ought  to  act  equally     til    nl  cb    s  not  tba 

When  "cry  largo  quantitiea  f 
oxygen  are  required,  and  perflct 
punty  of  product  is  not  essential  'm 
economical  phin  >s  generilly  adopt 
cd  of  heating  the  bla  k  or  perui.)  d 
of  miiiginese  to  rednchs  m  an  iron 
retort,  arranged  m  t  suiliblo  li 
nace.  (See  Fig  80)  One  pom  d  '^. 
of  good  otyd  of  m  in^auf  &.  tliua 
heated  will  yield  sei  en  gallons  of 

oxygen,  with  some  carbonic  acid.  This  laat  m  i  bo  ( j  t  nly  remoTcd  by 
cauiing  the  gas  to  pass  thrjugh  a.  solution  of  potdsJi  In  ti  s  process  MnO' 
becomes  ctnvertei  in  MnO-f-O 

Osjffen  raiy  be  obtained  irom  various  rther  piibatancs,  but  those  already 
nitntioncd  are  Ibe  bcal,  ind  the  moat  Irequcntlj  eniploj  ed  *  lied  lead  (oxyJ 
of  load    and  liken  ise   saltpetre   when  healed  strongly    w  11  furnish  thta 


oiygen  does  llib  suliataTieo  m 
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gas.  A  mixture  of  strong  sulpliMrio  acid  and  one  ialf  its  weight  of  black 
oiyJ  of  mai^anese,  or  bichromate  of  polaab,  will  liberate  oxygen  wlicn 
bsatyL 

All  the  green  parts  of  planta  evolve  oxygen  when  exposed  to  the  light  of 
tho  Hun.  This  fact  may  be  readily  demonstrated  by  placing  a  leafy  branch, 
which  is  still  connected  with  tlic  parent  plant,  or  a  number  of  fresh  leayea, 
under  a  Jar  flilad  with  water,  ami  then  exposing  them  to  tho  influence  of 
aolar  light.  After  a,  short  time  small  air-bubbles,  consisting  of  pure  oxygen, 
will  collect  in  the  upper  part  of  the  yckcL  Tho  minute  bubbles,  3l=o  whii'h 
may  bo  often  s^n  adiiering  to  tho  leaves  of  a^u  p  ants  und  r  watir  are 
generally  pure  oxygen. 

2B2.  Properties  of  0  x  y  g  e  n .— Oiygen  « hen  pure  can  not  bo 
distinguished  from  atmospTieric  air,  being  col  1e  s  ta  lea  and  unde  o 
dinary  oircumatnncea,  dealitute  of  odor.  It  ta  lovieve  armewltt  heavier 
than  atmospheiio  air ;  the  dei  siQ'  of  tho  la.  ter  be  ng  r  p  es  ntcd  by  1  00 
that  of  oxygen  would  be  I-IO. 

One  hundred  cubic  Jnohea  of  dry  oxygen  tv  b  gli  34  "O  gra  as  In  la  scpa 
rate  condition  it  is  known  only  as  a  gaa,  all  alle  pts  to  reduce  t  by  m 
mense  pressure  and  extreme  low  tetnpcTit  re  act  ng  coojomtly  n  o  a  sol 
or  even  liquid  condition,  having  failed,  Tet  (he  learner  will  not  fal  to  per 
ceive,  that  oxygen  when  looked  up  in  combnaton  with  the  sold  "cub^tanc^ 
tbom  wheneo  we  obtain  it,  must  be  itself  a  sol  d  and  this  con  derat  on  en 
ables  us  to  form  some  conception  of  tl  e  enormous  force  whi  1  under  tho 
name  of  affinity,  is  capable  of  producing  this  effect. 

Oxygen  ia  very  slightly  soluble  in  water;  a  hundred  volumes  of  this  fluid, 
at  ordinary  temperatures,  dissolving  only  four  and  one  half  volumes  of  the 
gas.  Oxygen  possesses  a  wider  range  of  alBnitiea  tban  any  other  known 
substance,  and  combines  in  one  or  more  proportions  with  all  Oie  elements 
except  Buorin-i.  The  act  of  union  of  a  substance  with  oxygen  is  termed 
os:ydation,  and  the  product  of  tho  union  ia  called  an  oiyd.  Oxyds  are  ektasi. 
fied  and  divided,  as  has  been  before  shown  (§  265),  into  acids,  bases,  alkalies, 

The  tendency  of  oxygen  to  unite  with  other  substances  vanes  accoriing  to 
the  ciroumstancos  under  which  the  latter  are  presented  to  if  iH-in^  griatcr 
under  tho  inllnenco  of  heat  than  of  cold,  and  greater  where  tliere  is  an  e\ 
COBS  th^i  where  there  is  a  deficiency  of  oxygen.  Oxygen  at  ordmary 
temperatures,  enters  slowly  into  combination  with  most  of  tho  metal"  This 
action  takes  place  much  more  rapidly  In  a  moist  than  in  a  dry  atmo'ipbcrc 
A  bar  of  polislied  iron,  in  perfectly  dry  air  at  the  ordinary  temperature  w  ill 
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rcmsin  unchanged  for  any  length  of  time,  but  if  moisture  be  present,  it 
quii:klj-  beeomeH  rusty.  In  the  case  of  iron,  the  oxj-datioa  once  commenced 
will  spread  tlirougb  the  entire  mass  of  the  metal ;  but  in  otlicr  instances,  aa 
in  the  case  of  lead  and  zinc,  a  superficial  coat  of  the  oxyd  is  fonned,  which 
adheres  Grmlj'  to  the  surface,  and  protects  the  metal  beneath  from  further 
change. 

In  order  to  commence  and  carry  on  oxydation,  it  is  generally  necegsajy  to 
^ply  heat.  An  iron  bar,  when  heated  red  hot,  and  exposed  to  the  oxygen 
of  the  air,  mill  rapidly  become  corered  with  a  scale  of  oxyd,  or  rust  A  Bti:^k 
of  oliarcoaJ  may,  be  kept  in  oxygon  at  common  temperatures  for  years  willi- 
out  entering  into  combination  with  tbo  gas,  but  the  smallest  spark  npon 
the  aurfaco  of  the  coal  will  cause  the  two  elements  to  unite  with  great 
rapidity. 

The  direct  union  of  oxygen  wilh  a  substance  is  alwaya 
attended  with  an  evolution  of  heiit. 

la  the  ordinary  rusting  of  iron,  llio  disengagement  of  boat  is  too  slow  and 
feeble  to  bo  readily  perceptible  ;  but  in  some  instances,  ■where  the  union  with 
oxygen  at  ordinajy  temperatures  is  rapid,  the  heat  accumulates,  and  oftcn- 
times  rises  sufBciently  high  to  cause  the  materials  to  burst  into  a  flame,  p^ 
duoingwhat  are  called  cases  of  "spontaneous  combuslion."  Tl  lis  phenomenon 
Is  oO/Bo  exhibited  when  tow,  "  cotton- waab?,"  or  other  fibrous  materials  that 
liaye  been  used  in  lubricating  machinery,  are  laid  aside  in  heapsf  The  oil 
upon  them  being  spread  over  a  large  sur&ce,  absorbs  oxygen  with  great  rap- 
idity, and  llie  temperature  of  the  mass  continues  to  Increase  until  the  whole 
hursts  into  flame.  Charcoal,  reduced  to  a  fine  powder  and  exposed  U>  the 
air,  moist  liay  in  stacks,  and  damp  cloths  in  bales,  frequently  take  fire  under 
tlio  same  circumstances. 

When  the  direct  union  of  oxygen  with  a  euhstance  is 
attended  with  an  evolution  of  both  light  and  heat,  tho 
jirocess  is  called  Combustion,  and  the  body  is  said  to 
l)urn.  On  the  other  hand,  the  body  whieh  can  combine 
with  oxygen  under  such  circumstances,  is  termed  a  Com- 
bustible, and  the  oxygen  a  supporter  of  combustion. 

All  the  ordinary  forms  of  combustion  are  simply  processes  of  oxydation, 
and  are  accompanied  by  a  withdrawal  of  free  oxygen  from  tlie  surrouading 
wr;  and  in  most  instances  the  osydation  is  commenced,  or,  as  wo  express  it, 
"the  fi-e  is  kindled,"  by  the  application  of  some  ignited  substance,  which 
raises  the  temperature  of  tho  combustible  body  sufficiently  to  enable  it  to  at- 
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tract  the  oi:ygeQ  of  tho  air,  or  comiueneo  burning;  aflorward,  tlio  heat  wliich 
Ja  liberated  during  the  proeesa  U  more  than  sufflciect  to  carry  it  on,  anii  thus 
the  combinaaon  of  one  portion  of  oiygeu  with  a  burning  body,  causes  tho 
absorpljon  of  aaother  portion.* 

Bodies  which  will  burn  in  the  ^r,  together  with  mnny  Eubslancea  which 
are  genoraUy  considered  as  incorabnstihle,  bum  in  oxygen  gaa  with  great 
splendor.  Experiments  illuatrative  of  these  facta  arc  among  the  most  bril- 
ig  in.  the  whole  science  of  chemistry, 
f  wo  blow  out  a  hght«d  candle  in  tho  air  the  wick  continues 
flow  for  a  ew  momen  %  but  e  fl  ne  does  no  sponla- 
neoualy  re-appea  If  n  the  con  mrj  t  e  candle  still  prc- 
,  scoting  some  mc-ind  scent  po  nts,  be  p  ung  d  ut(  a  eceivor 
containing  oxjgLU  (a «  Tg  t  )  t  flutes  n  tan  ly,  and 
bums  witli  great  b  ancy  T  a  exptr  ment,  nh  ah  may  bo 
repeated  with  a  small  na  ow  mouth  jar  of  oxj  gen  ag  eat  num- 
ber of  times,  is  chajuctenst  o  of  pure  oxygen  and  3  tl  e  prind- 
pal  test  used  to  detect  its  presence. 

A  glowing  slip  of  wood  introduced  into  oxygen,  bm^ls  into 
S  mo  witli  a  slight  detonation.  A  bit  of  charcoal  tiark,  sliglitly  ignited,  at> 
ladled  to  a  wire  and  lowered  into  a  jar  of  oxygen,  bums  wirti  great  rapidity, 
sending  off  showers  of  brilliant  scintillations  in  all  directions.  If  a  moistened 
slip  of  litmua  paper  (g  266)  be  introduced  into  the  jar  after  the  combustion, 
it  immediately  turns  red,  a  change  not  afied^ed  by  atmospheric  air,  or  puro 
oxygen ;  consequently  nn  acid  gaa  has  been  formed  from  tlie  charcoal  and  tho 
oxygen,  which  is  called  cario  HO  acid 

The  combustion  of  iron  in  oxygen  const  tutea  a  j.     „, 

moat  beautiful  c\per  m  nt  for  this  purpose  a 
piece  of  fine  m>n  wire  or  what  la  st  II  I  etl  r  a 
steel  watth  spnn„  coiled  in  the  form  of  a  sp  ral 
(see  Fig.  82)  la  enployed  One  end  of  the  wire 
is  tipped  w  tb  a  bit  of  sulphur  or  tinder  a  d  the 
other  attached  lo  a  cork  bo  tliat  the  spmil  mjy 
Lang  vertii.  illy  Tin.  sulf  bund  end  is  then  lighted 
and  the  «  u'e  « ispend  d  m  a  jar  of  oxygen,  open 
nt  tho  bottom,  as  is  represented  in  tlie  figure,  sup- 
ported  upon  an  earthenware  plate.  The  nire  buma 
with  an  intense  wliite  liglit,  tho  oxyd  of  iron  formed  ^ 
darting  out  in  brilliant  coruseationa  in  every  direc-  \ 
tion.  Melted  globules  of  oxyd  occasionally  &11  oRi 
of  so  elevated  a  Icmporature,  that  tliey  remain  red  hot  f  r 
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the  sarfiico  of  water,  and  fuse  deeply  ioto  the  Eulistatica  of  tlio  plalo  oi 
upon  whicli  they  strike. 

The  light  produced  by  phospboraa  bumed   n  F  g   8 

oxygen  ia  too  brilliant  ond  intense  to  be 
dur«l  by  the  eye ;  and  the  jar,  during  comb 
tlon,  bacomoa  filled  with  a  dense  white  vapor 
p!ioaiphoric  add,   which  is  slowly  abaorbod  b 


13.)* 


Kith 


Kindled    sulphur   bums  in   oxygen  i 
beautiful  blue  light. 

283.   Oiygeii  and   Respiration — 

Oxygsn  19  necessary  to  respiratic  n 

and   ia    constautly  talien   into   tl  e 

lungs,  from  the  atmosphere,  in  th 

process  of  breathing.     No  animal  can  1    e    a  in  itmos- 

phere  which  docs  not  contain  a  certai  i  portion    f      c  m- 

bincd  oxygen. 

Osygen,  by  the  chemical  action  involred  in  the  proeesa  of  respiration,  pasEca 
from  a  free  ataW  into  a  state  of  combination  with  other  subBtances,  and  thereby 
becomes  unfitted  for  tlie  Jiirther  support  of  animal  life.  If  a  bird  be  con- 
fined in  a  limited  portion  of  atmospheric  air,  it  will  at  first  feel  no  inconvc- 
nionce ;  but  as  a  portion  of  oxygen  is  withdrawn  from  a  free  state  at  each 
inapiration,  ita  quantity  diminiahea  rapidly,  Bo  that  respiration  soon  becomea 
luborioua,  and  m  a  sliori;  time  ceasea  alt<^tlier.  Should  another  bird  he  then 
introduced  into  the  same  air,  it  will  be  olraost  immediately  suffocated ;  or  if 
a  lighted  candle  be  immersed  in  it,  its  fiame  will  be  extinguished.  Bospira- 
tion  and  combustion  both  produce  the  same  effect,  in  causing  free  oxygen  to 
be  removed,  or  absorbed  from  the  atmosphere.    An  animal  can  not  livo  in 


lie  wbole  perfecdy  dry.  The  phoaphorus  ihi 
.rd  dried,  not  hy  wiping,  but  by  contact  with  bib 
roject  u.bove  tbe  lerel  of  Uie  deflngnillug  Indie, 
ling  partiolos  might  dispcrBe  and  Btick  ^ilni.1  tl 


eb  phosphome,  tbe  aqu 
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air  unflttod  to  support  combustioD ;  and,  under  all  ordinaTy  cironmstances. 
COmbuBtion  will  not  csmtinue  in  air  oontainiug  too  little  osj  gen  for  respira- 

Fermentatlon  also  acU  liko  respiration  and  combustion  in  absorbing  frod 
oxygen  from  the  atmosphere. 

Although  oxygen,  as  a  constitaent  of  (he  atmosphere,  is  necessary  to  rospi- 
ratioa,  it  is  destructive  of  animal  life  when  breathed  for  any  considerable 
length  of  time  in  a  state  of  purity.  When  a  rabbity  for  osamplo,  is  immersed 
In  an  atmosphere  of  pare  oxygen,  it  at  first  experiences  no  inconveaiencc, 
but  after  an  interval  of  an  hour,  or  more,  an  unnatural  excitement  of  the  sys- 
tem is  occaaoned,  acoompanicd  by  a  rapid  respiration  and  circulation  of  tlio 
blood ;  this  is  soon  followed  hy  insensibility ,  and  death  ensues  in  from  hx  to 
ten  lioura. 

28t  Magnetism  of  Oxygen. — Oxygen  is  highly  m^netic;  that 
!^  it  sustains  the  same  ririations  iu  degree  U>  a  magnet,  tliat  iron  does.  It  has 
been  further  proved  that,  liko  iron,  it  loses  its  magnetism  when  Btrongly 
heated,  bat  recovers  it  when  the  temperature  falls.  Faraday  computes  the 
magnetic  elTect  of  oxygen  in  tlie  air  to  be  equal  to  that  of  a  metallic  shell  of 
iron,  I-260th  of  an  inch  inthicltness  surrounding  the  globe  of  the  earth. 

2S5.  Oxygon  in  Combinatio.n. — The  force  which  holds  oxygen 
in  combination  varies  extremely  in  different  substances.  In  ^liea,  (quartz, 
roct  crystal,  etc.),  nearly  one  half  the  entire  weight  of  which  is  oxygen,  it  is 
combineil,  or  imprisoned,  so  to  speak,  with  such  force,  that  its  liberation  can 
only  be  effected  by  the  most  powerful  agendea — heat  alone  &iling  to  produce 
the  slightest  effect.  In  other  solid  ojcygenized  bodies,  however,  the  afBnities 
are  so  nicely  balanced,  that  the  slightest  decomposing  cause  is  sufScient  to 
rend  the  elements,  as  we  may  say,  from  each  otiier,  and  set  the  oxygen  free. 
A  veiy  striking  instance  of  this  ia  fumislied  by  chlorato  of  potash,  the  sub- 
Htance  generally  employed  in  tho  production  of  oxygen— eyerj- 124  parts  of 
which,  by  weight,  contain,  as  before  stated,  48  of  oxygen.  A  very  slight 
degree  of  heat  suffices  to  overcome  the  admirably  poised  balance  of  afEnitios, 
by  which  the  combined  elements  of  this  salt  are  held  together,  and  liberato 
every  particle  of  oxygon.  But  this  result  can  be  efleoted  by  other  agonciea 
For  example,  it  we  take  a  small  quantity  of  sulphur,  cliarcoal,  pliosphorus, 
Bulpburet  of  antimony,  or,  to  generalize,  any  other  solid  which  has  a  strong 
attraction  for  oxy^n,  and  mix  cillicr  of  them  with  a  little  chlomle  of  pot- 
ash, carefully  and  with  an  avoidance  of  fricUon,  the  compound  so  obtained, 
when  struck  with  a  hammer  upon  an  anvil,  will  explode  violently.  The  ex- 
periment ia  beat  conducted  by  folding  the  mixture  in  a  piece  of  paper.  With 
phosphorus  the  explosive  violence  is  greatest,  with  charcoal  least,  the  varia- 
tion being  indicative  of  the  respective  tendency  of  these  substances  to  com- 
bine with  oxygen  under  the  circumstances  of  tlie  experiment 
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Ounpowdi5r  ia  another  esamplo  of  a  subatance  holding  a  largo  amount  of 
oxygen  in  oombioatioii,  ready  to  spring  into  action  H'itli  an  almost  irroastible 
violence. 

286.  ActiTC  and  Panaive  Condition  of  0 x y g e n .— Oxjgcn, 
as  hitherto  considered,  asaumoa  two  conditiona,  or  states,  widely  differont  from 
each  other.  Tlieae  may  be  termed  ila  active  and  paiSaye  conditions.  Aa 
locked  up  in  rock-crystal,  flinf^  clay,  and  other  solids ;  as  constituting  eight 
ninths  of  the  bland  Uquid,  wal«r ;  as  an  uncombincd  gas  in  the  atmosphere, 
it  is  quiesooni,  ioactire,  WMtinf — retaining,  however,  all  its  forces  in  a  latent 
state.  This  inactivity  is  one  extremity  of  tbe  acalo  of  qualities  poBsessed  by 
oxygen.  Intense  Tiolence  characterizes  its  other  extreme  condition — "  mani- 
fested," says  Professor  Faraday,  "  with  tremendous  cnei^  in  the  phenomena 
of  combuation  and  exploaon — rushing  with  violence  into  other  forms — dis- 
playing Hie  most  glorious  eirhibitaona  of  light  and  heat — generating  combma- 
Uina  of  tharactora  diametrically  opposed,  from  the  extreme  of  alltalioity  on 
tlie  one  hand,  to  the  most  violent  acidity  on  llio  other,  and  finally,  having 
gone  through  its  metamorphic  pliasea,  assuming  its  appointed  place  of  rest  in 
tlie  world's  economy." 

287,  Ozone . — In  addition  to  those  two  extreme  conditiona,  oxygen  may 
assume  another,  in  some  respects  still  more  extraordinary ; — a  stale  in  which 
it  i^  neither  fully  active  or  fully  passive,  but  intermediate  between  the  two 
former  conditions — a  stale  in  which  tho  activity  posaeaaed  ia  not  only  less  in 
wnount,  but  ditTerent  in  quality.  This  condition  of  oxygon  ia  characterized 
by  tho  name  of  Ozone. 

It  has  long  been  noticed  that  the  working  of  an  electric  machine,  esre- 
dally  ia  a  close  apartment,  was  accompanied  by  a  peculiar  sulphur-like  odor, 
and  also,  that  a  similar  odor  pertained  for  some  little  time  to  places  that  had 
been  struck  by  lightning.  Beside  recognirfng  these  facia  and  designating  tho 
odor  in  question  m"lhe  eleciric  emeO,"  no  explanation  of  the  phenomenon, 
was  attempted  by  scientific  men  until  within  a  very  recent  period;  (since  1840). 
It  was  at  last  noticed,  almost  accidentally,  that  if  a  piece  of  paper  moisteocd 
with  a  aolaUon  of  sl^ch,  and  a  peculiar  compound  of  iodine  (iodide  of  potas- 
sium), was  exposed  iu  places  pervaded  by  this  oflor,  it  was  speedily  tamed 
blue.  Now,  this  tumii^  blue  is  an  indiealjon  of  llie  liberation  of  iodine  feoia 
its  combination ;  and  the  liberation  of  Iodine  is  an  indication  of  the  agency 
of  oxygen ;  so  that  in  the  determination  of  this  additional  fact,  a  connection 
was  established  between  oxygen  in  an  active  state  and — the  electric  smell. 

The  germ  of  knowledge  thus  obtained  was  expanded  and  generalized  by 
Professor  Schonbein  of  Bale,  who  sliowed,  by  carefully  conducted  exper- 
ments,  that  the  same  small  and  its  corresponding  action  might  be  generated 
at  pleasure,  by  various  means — that  the  agent  producing  the  odor  occasioned 
other  effects  beside  that  of  aflecti:^  tho  atarcli  paper,  such  as  bleaching,  de- 
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odoriaing,  ftcd  corroJing — and  fiaaHy,  Ihat  tho  my^ter  ous  gaaeooa  agency 
ilaelf  was  neither  more  nor  less  tban  o  }^n— oxjgen  g  3  oi  ting  m  a 
marked  condition,  or,  aa  it  is  termted,  in  ta  all  trop  c  form. — Paradat 

Preparation  ■ — Oione  may  be  obta  ned  by  pass  ng  a  bu  ceBsion  of 
electric  aparka  tlirough  a  tube  or  vessel  conta n  ng  atmosp!  re  air  or  i ure 
oiy^n  gaa.  It  ia  also  produced  by  the  slow  att  OQ  of  phosph  rua  upon  oxj 
gen,  or  atmoapherio  air.  This  lattw  react  on  may  be  read  ly  demonstrated 
as  fbtloivs : 

Take  a  quart  glass  boiUe,  and  place  n  t  a  little  water  and  a  at  t  of 
phosphorus,  first  demonstrating  the  abscoee  of  orone  by  t  t  ng  t  «  th 
iodine^tareh  paper.*  Close  the  bottle,  a  d  allow  the  ^  hole  to  raa  n  f 
a,  little  time.     On  again  immersing  the  paper  rip    t  changes  ool  u 

ing  a  tint  of  blue.      This  result  is  not  duo  to  the  vapors  of  pi  ospl 
acid  which  may  be  noticed  in  tlio  bottle,  as  lliey  aro  readily  aboo  bed  by 


passing  the  gaseous  c. 
mains  unaltered. 
Tho  formation  ofoz 


ts  of  tho  bottle  through  water,  while  the  o  oi 

ly  be  also  shown  by  another  prooesa  still  more 
simple.  Take  a  glass  jar,  and  hrat  demonstrate 
by  Hie  iodine-ataroh  paper  tlio  absence  of  ozono. 
Then  pour  into  the  jar  a  little  ether,  and  there 
ia  etOI  no  ozone ;  but  If  we  heat  a  glass  rod  in 
the  flame  of  a  spirit-lamp,  and  immerse  it  moder- 
ately hot  (see  Fig.  84),  ozone  will  bo  abundantly 
produced. 

Propertien . — Ozono  has  never  been  ob- 
tained in  a  separate  state,  and  appears  to  be 
entirely  insoluble  in  all  liquids.  It  lias  a  pecu- 
liar odor,  whilst  ordinaly  oxygen  is  totally  devoid 
of  all  smelL  It  possessefl  powerful  bleaoiiing 
^==  properties,  and  if  a  soluUon  of  sulphate  of  indigo 
'^  be  poured  into  a  vessel  containing  OEone,  its 

deep  blue  color  is  destroyed  with  great  rapidity. 
If  the  s^ne  experiment  be  tried  with  common 

oiygen,  no  bleaching  at 

influence  over  certain  odors ;  thus,  if  a  piece  of  tainted  me 

this  gaa  (see  Fig.  85)  the  effluvium  is  instantly  destroyed. 
Ozone  is  perhaps  the  most  powerful  of  all  osydizing  agents.     It  corrodes 

even  organic  bodies,  such  as  cork  and  India-rubber,  wbile  fragments  of  iron, 

copper,  etc,  rapidly  absorb  it,  and  become  converted  into  osyda.     Silver, 


9  immersed  in 
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antler  ordinary  circuraBtaaoes,  is  not 
affected  by  oitygen,   and  has  hence 
been  cpDsidereii  aa  ono  of  the  noble  — 
roetaJs ;  but  if  a  piece  of  Bilver-foil,  at 
moistened   with  water,   bo    plunged 
into  ozone,  it  rapidly  crumbles  i 
dust — osjd    of   silver.    .  Ozone  dia- 
placaB   iodine    from   its  combinationa 
■with  the  metals,   setting  the  ii 
free.    Thia  reaetioo  is  ao  eaaly  pro- 
duced, and  is  so  aen^tive,  that  it 
nishes  the  readiest  and  most  delicate 
method  of  detecting  the  prawnce  of 
traces  of  ozone  in  the  air.     A  slip  of 
paper,  as  before  stated,  moistened  with 
starch  and  iodide  of  potasi 
inserted   in  a  vessel  cent: 
slightest  admiiture  of  oioni 

blue  from  the  action  of  the  liberated  iodino  which  n 
the  starch,  and  forms  the  blue  iodide  of  starch 

One  of  the  most  singular  circumstances  coi  neeted  with  ozone  is  the  i 
of  heat  upon  it.  A  temperature  not  much  h  gher  t  lan  bo  1  U),  water  is 
floient  to  destroy  it  entirely.  Advantage  is  taken  of  this  fict  to  dimon' 
the  absolute  chemical  identity  of  ozone  and  os:yj,en  Ozone  passed  into 
end  of  a  red  hot  tulie  comes  out  ordinary  ox\gen  at  the  other  end.* 


ning  the 
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Lo  is  a  partlcTdor  ci- 
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lition  of  Hi 
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ble  hypothcels  to  account  for  it ;  we  might  8b- 
t  some  Tsrlstlons  hsd  Isksn  place  in  file  orrsngemrat  of  Iheir  parUdea,    But 
imple  bodj,  such  ts  ois^en,  1b  wnrerned,  thla  kind  of  liji>olheBl 
[B ;  TO  liave  only  Dno  tind  of  partldo  tc 
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Ozono  may  he  generally  recognized  in  air  which  has  swept  over  theocenn, 
although  generally  absent  in  air  which  has  awept  over  laud.  It  mould  ap- 
pear that  a  moist  Btiite  of  the  atmosphere  is  nooessary  to  its  development* 
Mr.  Wiae,  the  celebrated  tcronaut  atatea,  that  when  on  one  occasion  dnring 
an  ascension,  he  became  enveloped  in  a  thunder-cloud,  be  found  the  Burround- 
ing  lot  moat  powerfully  impregnated  with  tJie  peculiar  odor  of  ozone. 

It  can  not  be  doubted  that  so  active  an  agent  as  ozone  preaent  in  tiie  at- 
moaphere,  must  exorcise  an  important  influence  in  tlie  economy  of  nature. 
What  this  influence  is,  is  not  definitely  known.  There  can  be  but  little 
doubt,  however,  tiiat  it  acts  as  a  purifjmg  agent — oxydiring  or  burning  np 
noiioua  products  floatmg  in  the  atmosphere.  This  suppoation  coiniadeswitU 
the  opinion  ajct^nsively  entertained,  that  when  ozone  is  in  excess  in  the  ^r, 
diaeaaes  of  the  Inngs,  influenza,  etc.,  provsul  (as  would  be  expected  fVom  ita 
irritating  eliaracter) ;  and  that  when  it  ia  defldent,  fevers,  etc.,  arc  common. 
Observers  generally  agree,  that  during  those  scnaons  in  which  cliolcra  rages, 
tlie  quantity  of  ozone  in  the  atmosphere  ia  greatly  diminiahed. 

283.  Daily  Consumption  of  Oxygen . — "  It  is  not  easy,"  saya 
Pror«ssor  Faraday,  "to  form  an  adequate  idea  of  Oio  a^regate  results  ac- 
compUshed  by  oxygen  in  the  economy  of  the  world.  For  the  respiration  of 
human  bcii^s  alone,  it  has  been  calculated  that  no  less  than  one  tliouaand 
raiUions  of  pounds  of  oxygen  are  daily  required,  and  tijr  the  respiratioD  of  ani- 
mals double  that  quantity;  whilst  the  proccsaea  ofeombuation,  fermentation, 
decay,  and  the  like,  continually  going  on,  increase  the  daily  sum  total  to  eight 
thousand  miliiona  ofpomida.  Eedueed  to  tons,  we  have  the  %ures  1, 142,847 
as  representing  the  daily  consumption,  and  2,609,285,714  the  yearly  consump- 
tion. Taken  in  eonnection  with  these  statements,  the  fact  that  from  one  half 
to  two  thirds  of  the  buUr  of  all  the  matter  upon  our  planet  consists  of  oiygen, 
doea  not  seem  wonderful. 

SECTION   II. 


289.  Pnenmalic  Trough, —  Por  coUectii^  gnsea  not  absorbed  to 
any  conaderablo  estent  by  water,  an  arrangement,  known  as  the  Pneumatic 
Trough,  is  always  employed.  For  amall  operations  this  apparatus  may  bo  simply 
constructed  by  filing  a  porforalcd  ahelf  wiihin  a  aliallow  diah,  or  wooden  tub, 
in  such  a  way,  that  when  the  veasel  ia  filled  with  water  1*>  the  proper  height, 

Hhin  W9CC  Slfl  Aaju  cm  vbich  DzvDfl  was  present  In  tbe  sir  Id  appreciable  quaDtity. 
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the  shelf  will  be  covered  by  it  to  the  depth  of  a!  out 
an  iaoh.  (3oe  Fig.  S6.)  Another  sjid  more  elegant 
arrangement,  conBtruoted  of  glass,  and  avrilable  Ew 
a  lecture  labie,  ia  repreaenttod  by  Pig.  87  The 
Teeaul  intended  for  tlie  reception  of  gas  ia  fill  ■d  w  th 
water,  inverted  and  placed  upon  the  shelf  of  the 
pneumatic  trough,  with  its  mouth  directly  over  the 
perforation  in  it.     The  extremity  of  the  gaa^dehvenug 

Pjg  g,_  t  he    vh  eh  dips 


broiRl  t  d  rectly  bej  eath  tie 
shel^  m  8U  h  a  wiy  tl  ■it  tho 
bubbles  of  gia  eSlaipmg  aacend 
through  the  opening  in  the  Hlielf 

F  pim  in  UBC,  the  pneu- 
1)  h  ro  h  la  UBually  conatniet- 
ed  a  ge  ECale,  of  copper  or 
tin  platt  wood,  and  fur- 

ni  h  d  »   h  pe     rated  shelves, 
arr    g  d  b     w     e  water  level, 


tstheci 


the  level  of  the  pneu 

of  the  pressure  of  tl  e 
atmosphere,     on     the 
samo  principle  as  mer 
cury  is  susta  n< 
tube  of  a  barometer 
In  the  collect  on 
gases  over  the  pneu 
matic  trough,  it  should 
be  observed   that  the 

gas  wiiieh  flrat  coioes  oinor  is  mixed  with  the  atmosphejio  air  of  the  generating 
vesael,  or  retort;  hence  a  volume  of  gas  equal  to  about  twice  the  volume  of 
t  should  be  allowed  to  escape,  as  impure.  This  precaution  ia  eap^ 
be  attended  to  in  the  ease  of  gases  (auoh  as  hydrogen)  which  foma 
eipioaive  mixtures  vrith  atmospheric  air.  Gases  may  bo  transferred  fVom  one 
vessel  to  another,  over  the  pneumatic  trough,  with  tho  utmost  facility,  by 
first  filling  ihe  ve^el  into  which  the  gas  ia  to  be  paaicd  with  water,  inverting 
it,  carefuDy  retaining  its  mouth  below  the  water-level,  and  then  brining 


thare 
eiaUy 


\y  gases  be  tcanBtBrred  tiara 


iBRrrcd  in  collecdn^  £a 
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beaeatli  it  tlie  mouth  of  the  ves- 
sel coDt^Qing  Cbo  gaa.  (See  fig 
89  )  On  gi-ntly  lael  n  ng  the 
latter    t  o  gaa  passes  into  tbo 

Ajar  « lolly  or  part  ■illy  filled 
with  f,  IS  It  the  pncumat  o  trough 
may  be  removed  by  plicmg  Iw 
ncath  it  a  C(»uinon  plate  deep 
enough  to  contain  sufficLei  t 
watprtowvertlieedgesofthejar 
In  til  %  way  fas,  eapec  ally  ovy 
gen,  maj  be  preserved  fur  a  con 
Biiicrable  length  of  timo  without 
admiirture  with  tho  external  air. 
IOmeter 8  — In  cH^3or  to  collect  and  preserve  largo  quantities 
of  gas,  and  to  experiment  with  them  more  conveniently,  capacious  vessels  of 
sheet-iron,  or  copper,  called  gasomcteta,  are  used.  They  conaist  in  general 
of  a  cylindrical  reservoir,  suspended 
with  its  n'outh  downward,  and  fil^ 
ting  into  an  exterior  and  lar^r  cyl- 
indrical vessel,  or  cistern,  filled  with 
water,  as  is  shown  in  Fig.  90,  which 
represents  a  pair  of  gaaometers.  The 
inner  cylinder  moves  fi'eoly  in  the 
outer  one,  iMng  and  &lling  as  the 
gaa  is  forced  in  or  pressed  out.  The 
posts  on  each  side  of  the  cylinder 
are  hollow,  and  contain  we^hts, 
suspended  to  and  balancing  the  in- 
ner moveable  cylinder,  so   tliat   it 

An  upnght  rod  of  metal,  shown  in 
the  engraving,  naiog  trom  the  inner 
cylmder,  and  passing  through  tlio 
siippcrlrag  Iramc-work,  keeps  the 
cylinder  steady  m  its  place,  as  it 
rises  or  falls.  Presaufb,  for  fordng 
out  the  gas,  IS  obt^ned  by  slipping 
on  to  this  rod  slit-weights  of  min,  as 
is  seen  in  the  figure.  Gaa  is  introduced  into,  and  discharged  from  the  gas- 
ometer, by  means  of  a  metal  pipe,  iVimished  with  stop-cocks,  and  entering  at 
the  bottom  of  the  stationary  (^■lindor.  For  convenience,  this  pipe  is  carried 
up  in  Iront  of  the  gasometer  on  the  oulaido  (as  seen  in  the  engraving),  and  by 
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means  of  flesiible  tubes  of  India-rubber  or  gutta-percha,  wbich  screw  on  to  in 
cxtromitj,  the  gas  can  bo  conducted  to  auy  distance  and  ia  any  direction. 

The  atop-cocliB  seen  at  the  bottom  of  the  gasometer  are  for  the  purpose  of 
letting  off  Uio  water,  whenever  this  becomes  necessary. 

The  large  gasometers  aaed  lor  the  collection  and  storage  of  iUuminating  gaa 

are  constructed  upon  preciaLly  similar  principles.    Their  gcperal  oonstrucdou 

is  represented  m  Fig.  91      The  gas  ftom  the  retorts  is  conducted  by  a  pipe 

Fit.  11 


into  the  intraior  of  the  gasometor,  and  elevates  tt.  Another  pipe,  opening 
also  into  the  interior,  is  connected  with  the  Bervice-pipea  which  supply  tho 
gas.  The  gasometer  is  balanced  by  counter  weights,  supported  by  chains, 
which  pass  over  pulley!!,  and  just  such  a,  preponderance  is  allowed  to  it  as  is 
BufBcicnt  to  give  the  enclosed  gaa  the  compression  necessary  to  drive  it  through 
tho  pipes  to  the  remotest  part  of  the  district  to  bo  illumicatod. 

SECTION"    III. 


EgawaUnt  1.  Symbol  H.  Diamiy  0-0632  (Air— I.) 
291.  History . — Hydrogen  was  firat  correctly  descril>ed 
liy  Cavendiah,  an  Euglish  chemist,  in  1766.  Before  this 
it  had  been  confounded  with  several  of  its  compounds, 
under  tho  designation  of  ioHammable  air.  Its  name  is 
derived  from  iidwp,  water,  and  yeci'aw,  I  give  rise  to,  and 
refers  to  its  production  of  water  by  uniting  with  oxygen. 


la  the  blEtoiy  of  brdrof 


I  equivalent,  BymboJ,  tmd 
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292.  Natural  History  and  Distribiition.--Hy(lrogfn  is 

never  found  -iq  nature  in  a  free  Btata  Tbe  substaQce 
which  contains  it  in  the  greatest  abundance  is  water,  of 
which  it  forms  one  ninth  part  by  weight.  As  a  constituent 
of  other  inorganic  bodies,  it  is  not  very  abundant  in  nature, 
but  in  the  organic  kingdom  it  enters  largely  into  the  com- 
position of  most  animal  and  vegetable  substances. 

293.  Preparation. — ^Hydrogen  ia  always  obtained  for 
practiciil  or  experimental  purposes  from  the  decomposition 
of  water. 

It  ia  liberated  in  the  state  of  greatest  pmity  tlirough  the  agency  of  the  rol- 
Fia.  92.  '*'''  current.     Wlieii  tho  wirea  connecting  the  poles 

of  B,  galvanic  battery  in  action  are  caused  to  terminate 
in  water,  decompoaitioD  is  occasioned — bydrogen 
being  evolved  at  tho  negative  pole  and  oxygen  at  the 
positive.  (See  §  242,  p.  148.)  By  pladng  tuh-i'a 
filled  witii  water  over  tlie  respective  poles  (see  Pig. 
92)  the  two  gases  may  be  collected  in  a  separato 


Water  can  not,  under  all  ordinaiy  eirouraslanoes, 
be  decomposed  by  the  airtioo  of  heat  alone.*  Hydro- 
gen may,  however,  be  separated  from  water  by  iieat- 
rt  with  sulialaneea  which  absorb  its  oxygen.  Thus,  if 
ir  (steam)  is  pa-ised  over  finely  divided  iron,  heated  to  bright 
is  decomposed,  oxygen  uniting  with  the  iron  to  Ibrm  oxyd 
on,  and  hydri^n  being  set  free. 
This  experiment,  wftieh  was  devised  by  Lavoisier,  in  order  to  prove  that 
watCT  is  a  compound  substance,  is 
easily  performed  by  placing  a  quantity 
of  iron  filings  in  an  iron  tube  (a  gun- 
barrel,  or  better,  a  porcelain  tulje, 
protected  by  a  covering  of  sheet-iron), 
arranged  in  a  furnace,  as  is  represent-' 
ed  in  Fig.  93 ;  one  end  of  the  tube  is 
conneoted  with  a,  retort,  or  flask,  a, 
containing  a  small  quantity  of  wat«r, 
from  which,  by  the  heat  obtained  from 


•  Mr.  Grove,  th 


5li  physic 
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a  spirit  I^Tup,  a,  cunonl  of  steam  ia  driven  through  tiie  tube,  s 
the  metal  has  attaiDeii  a  full  red-heat. 

If  the  oonditiona  of  this  experiment  are  rcvCTsed,  and  a  strean 
be  made  to  pass  orer  oKjd  of  iron  heated  to  redness,  th«  hjdrogen  unites 
wilh  and  removes  the  oijgen  of  the  osyd  of  iron,  thereby  leaving  metallic 
irOD,  and  producing  water. 

If  wa  aprinklo  water  in  small  quantity  upon  red-hot  coals,  a  portion  of  it 
■will  be  deooQipoaed  on  tbe  same  pricraple  aa  in  tbe  above  expcrhnent  The 
oxygen  combines  with  the  carbon  and  increases  the  Intensity  of  the  fire, 
while  the  liberated  hydrogen  bums  and  develops  a  very  high  degree  of  heat 
Blackamitha,  it  ia  well  known,  aie  accustomed  to  sprinkle' tJieir  Sres  with 
water,  in  order  bi  augment  the  heat,  and  too  httle  water  tbrowh  upon  a,  confla- 
gration will  oflen  produce  more  injury  than  benefit 

Some  of  the  metals,  such  as  potaSMura  and  sodium,  are  capable  of  dccem- 
poaing  water  (eombining  with  the  osygen  and  liberating  hydn^;en),  williout 
the  aid  of  heat  This  may  be  shown  by  the  following  e; 
periment: 

Fill  a  glass  tube  with  water,  from  which  the  air  has  b 
expelled  by  boiling,  and  invert  it  iu  a  vessel  of  water.    P 
into  the  mouth  of  tliis  tube,  by  moans  of  a  wire,  a  sn 
piece  of  sodium,  as  is  represented  m  Fig.  93.     This  metal, 
being  lighter  than  water,  ascends  to  the  surface,  and  absorb- 
ing oxygen  Hum  the  water,  rapidly  liberates  hydrogen. 

Hydrogen  gas  is  most  conveniently  obtained  by  putting  pieces  of  zinc 
or  iron  into  oil  of  vitriol,  or  strong  sulphuric  acid,  diluted  with  six  or  eight 
times  its  bulk  of  water.  Practically,  this  process  may  be  conducted  as  fol- 
lows : — Introduce  into  a  suitable  jar  or  botUe  a  small  quantity  of  sheet  nine 


FlQ.  J 


in  the  absence  of  zinc,  scraps  of  it 
nails,  ete.)  cut  into  amaJi  pieces,  tt^her 
with  water  sufficient  to  more  than  cover 
1.     Then  add  a  small  quantity  of 
strong  sulphuric  atnd,  and  the  evoluliou  of 
gas  immediately  commences.    By  inserting 
into  the  opening  of  the  flask,  a  perforated 
cork,  to  whicli  a  bent  glass  tube  ia  Stted 
(aco  Fig.  i)5),  the  gas  is  easily  collected 
in  the  usual  way.      Particular 
should,  however,  be  takon  not  to  ad- 
eiver,  until  aD  the  at- 
sk  has  l)een  expelled. 
I  sufScient  to  hberata 
about  twB  and  a  half  gallons  of 


— Wby  ^oea  a  blBckamlih  eprlnk 
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hydrogen,  and  theevokitioo  of  the  gaa  is  regulated  by  the  supply  of  acid.  By 
means  of  a  fiinnel-tube  fitted  icto  the  cork  of  ;lia  generating  vessel,  and  do- 
tceadiag  williio  tlie  Tessel  to  a  point  below  the  level  of  the  contained  liciuid 
(see  Fig.  96)j  the  add  may  be  added  from  time  to  time  in  eiactlj  tho 
quantitiea  ncocasary  t«  produce  the  beat  effect  No  gas  can  escape  by  ttiis 
y  „,  fiinnel-tube,  as  its  extremity  withic  the  vessel  is  always  cov- 
erod  by  the  fluid. 

Tho  theory  of  the  liberation  of  hydrogen  in  this  process  is  as 
follows ;  neither  zinc  nor  iron  is  capable  of  uniting  directly,  aa 
metal  with  sulphuric  acid ;  but  oxyd  of  ana  and  of  iron 
combine  readily  with  it.  Thus  a  dccompo»tion  of  water  la 
determined.  The  zinc  or  iron  takes  ox^en  from  the  water, 
and  Ibrma  oxyds  of  these  metala  reapEctively,  while  the  hydro- 
n  before  in  combination  with  the  oxygen  passes  off  in  the 
seous  form.  Tlie  oxyda  of  zinc  and  iron  formed  are  inso- 
luble in  water,  but  are  readily  diasolvea  by  tho  sulphuric  acid, 
ig  salts  ofsulpiiate  of  iron  or  zinc.  The  surface  ofthe  metal  is  thus  left 
clean  and  exposed  to  the  water,  from  which  it  attracts  anothor  portion  of 
oxygen,  which  is  dissolved  aa  befbro.  Tho  reaction  v.'hioh  takes  place  may 
bo  eiproaaed  by  the  following  equation  ;— 

Zn-|-SO!+HO— Zn  0,  SOa-j-H. 

SnljAurin  acid-  does  not  take  any  direct  part  in  the  decompo^tion  of  the 

water ;  but  its  presence  seems  to  Gieilitato  tho  processes  by  increa^ng  the  at 

flnity  between  the  metal  and  the  oxygen  of  tho  water ;  it  also  dissolves  the 

oxyd  as  &st  as  it  is  formed,  which  is  essential  to  the  continuance  of  the  ac- 

29i.  ProperticB . — Hjdr<^cn  is  a  colorless  gas,  which  has  never  been 
liquefied.  When  pure,  it  is  without  laate  or  odor,  but  as  prepared  in  the  way 
last  described,  it  has  a  nauseous,  disagreeable  odor,  arising  from  the  presence 
of  impurities  cont^ned  in  tho  materials  used.  It  is  alightiy  soluble  in  water, 
and  does  not  support  respiration  :  an  animal  plunged  in  it  soon  dies  for  want 
of  oiygen.  When  mingled  with  a  lai^  quantity  of  <dr,  it  may  be  breathed 
for  a  time  without  inconvenience,  and  the  voice  of  the  person  inlialing  it,  ac- 
quires a  peculiar  Bhrill  squeak.  Sounds  produced  in  this  gas  are  hardly  per- 
ceptible. 

Hydrogen  is  the  lightest  substance  in  nature,  heii^  ^xteen  times  lighter 
than  oxygen,  and  14'4  hghler  than  air ;  100  cubic  inches  of  it  weigh  only 
2'14  grams.  Owing  to  its  levity,  it  has  boci)  extensively  used  in  filling  bal- 
loons, which  beg^n  to  rise  when  the  weight  of  the  material  of  which  they 
are  made  and  the  hydr(^n  together,  are  less  than  tlm  weight  of  an  equal 
bulk  of  air.  At  the  present  time,  coal  gas,  owing  to  the  greater  facility  with 
which  it  can  bo  obtained,  is  generally  substituted  in  llie  place  of  hydrogen  for 

Wh»t  IE  Os  ohemlciL  reaction  (    Wist  jart  does  <bs  Elllphnri^  anW  bhhUId  J    VbU  MB 
Ebe  properties  of  hjilrogenf    Wbat  is  uld  of  the  ligtihien  of  hjdrogen  i 
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ffiToatfltio  purposss — although  of  much  greater  density.  Soap-bubHes  inflated 
with  lijdrogBu  rlae  rapidly  tbrougt  tho  air.  la  order  to  obtain  Ibcao  bubbles, 
WL)  fill  a  bladdor,  or  gas-bag,  provided  witli  a  atop-coek,  witli  hydrogen  gas, 
and  attach  to  tUo  stop-cook  a  oommoii  tobacco-pipe,  or  what  ia  better,  one  of 
metal  (See  Fig.  99.)*  The  extremity  of  tbo  pipe  is  dipped  into  soap-auds, 
and  tho  bubbles  are  blown  by  opomng  the  stop-coclt  and  gently  pressing  the 
bladder. 

Hjdrt^en,  beside  being  the  lighteflt  body  in  nature,  possesses  also  tho 
greatest  tenuity,  and  there  ia  reason  for  suppoai^  that  its  atoma  or  molecules 
are  smaller  than  Uioae  of  any  other  known  substance.  No  receptacle  that  ia 
at  all  porous,  as  a  bladder  or  India-rubber  bag,  can  be  used  for  storing  hy- 
drogen for  any  conaidcrable  lengtli  of  time,  the  remarkable  law  of  the  diflW 
sion  of  gases  already  explained  Q  52,  p.  30)  promoting  its  escape,  and  caus- 
ing an  interchange  of  the  sarroundiog  air.  Faraday,  in  im  attempt  to  liquefy 
hydrogen  through  the  agency  of  cold  and  preaaure,  found  tliat  it  would  leak 
lliiely  with  a  prasaure  of  28  atmospheres  through  stop-cocks  which  were  per- 
fectly tiglit  with  nitron  at  60  atmospheres.  A  mhiute  crack  in  a  glass  jar, 
quite  too  small  to  leak  with  water,  will  allow  hydrogen  to  eacapo  readily. 
Hydrogen  also  enters  into  combination  in  a  amallcr  proportionate  weight  than 
any  other  element,  and  has  hence  been  chosen  as  the  unit  of  tho  scale  of 
equivalents.  Owing  to  the  lightness  of  hydrogen,  a  jar  may  be 
filled  with  it  by  displacement,  without  using  the  pneum^tlo  FlO  9' 
troi^h.  Thas,  if  a  bottlo  or  jar  bo  inverted  over  tho  extremity  , 
of  an  upright  lube  delivering  the  gas  (see  Fig.  97),  the  -or  it 
contains  will  bo  entirely  displaced  by  the  hydrt^n  nting  into 
it.  The  gas  may  be  retained  for  some  minutes,  even  whtn  re 
moved  from  the  source  of  supply,  provided  the  jar  bo  atill  h'ld 
in  an  inverted  position ;  but  if  its  mouth  be  turned  upn  ard  the 
gaa  almost  immediately  escapes. 

296.  Corahustion  of  Hydrogen .— nydrogen  is  ex 
tremely  inflammable  ;  when  a  lighted  taper  ia  plungi^  into  a 
jar  of  it,  the  gas  taltes  fire,  but  the  taper  is  eitinguishe  1  ■'inca 
there  is  no  osygcn  above  the  mouth  of  Oie  jar  to  suppcrt  com 
bustjon.  This  experiment  is  best  shown  by  thrusting  up  a 
hghted  bit  of  candle  into  an  inverted  jar,  or  bottle  of  hydrogen 
Tlie  ignited  gas  bums  quietly  at  the  mouth  of  tho  jar  and  the  e'ttinguished 
candle  may  be  again  relighted  by  it.  If  the  bottle  is  auddeuly  reversed  after 
the  gas  has  burned  awhQc,  the  remaining  gas  will  burst  into  flame  with  a 
slight  explosion. 
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A  jet  of  hydrogen  buraa  with  a  bluish  whita  flame,  and  a  feeble  light.    The 
Bxperimont  can  be  shown  by  adapting  to  the  cork  of  a.  fiask  from  which  hy- 
Fio.  08.        drogec  is  evolved,  a  piece  of  pipe-stem,  or  a  Hmall  glass  tube 
drawn  out  to  a  point     (See  Fig.  9B.) 

If  (Cdry,  cold  tumbler  be  held  over  a  jet  of  burning  hydro- 
gen, il8  interior  will  rapidly  become  covered  with  a  copious 
deposilion  of  moisture.  Tiiis  results  from  a  condensation  of 
the  vapor  of  water  produced  by  tho  onion  of  the  hydrogen 
witli  tho  oxygen  of  tho  atmosphere. 

296.  EnpIOBion  of  Mixed  Oxygen  and  Hy- 
drogen , — If  the  hydrogen  before  being  kindled  is  mi:ied 
with  iur  autHcicnt  to  tiurn  it  completely,  or  with  between  two 
and  three  times  its  volume,  and  then  ignited,  combustion  takes 
place  inatantaneously  throughout  the  whole  mass,  and  is  attended  wiHi  a  vio- 
lent explosion.  Hence  particular  caution  is  neccasary  in  uaic^  hydn^n  to 
avoid  the  slightest  admixture  of  common  air. 

Wiien  pure  oxygen  is  substituted  in  the  placo  of  air,  tho  explo^on  Is  much 
more  violent. 

A  mixture  of  oxygen  and  hydrogen  will  never  unite  under  ordinary  dr- 
comstances  of  temperature  and  pressure  ;  but  the  passage  of  an  electric  spark, 
or  the  application  of  aji  intensely  heated  body,  will  cause  instantaneous  union, 
accompanied  by  an  explosion.     The  product  of  such  combination  is  always 

In  illustrating  by  experiment  the  explosive  combination  of  oxygon  and  hy- 
dr<^n,  tho  proportions  wliioli  produce  the  best  elfect  are  2  of  hydrogen  to  6 
of  air,  or  3  of  hydrogen  la  1  of  oxygen.  As  t!ie  explosions  are  moat  violent, 
Email  quantities  only  of  the  mingled  gaaea  can  be  safely  employed. 

■nie  experiments  may  be  variod  by  ioflatiug  a  soap-bubble  witli  tho  gas- 
eous mixture,  and  igniting  it  _ 
with  a  candle  as  it  ascends ; 
or  by  blowing  up  a  quantity 
ef  bubbles  iu  a  fallow  dish, 
OS  is  represented  in  Fig.  99; 
or  by  filling  a  bladder  with 
the  mixed  gases,  and  ignit- 
ing it  /htm  a  distance  by 
me^is  of  a  candle  fixed  to 
tho  end  of  a  pole. 

What  is  called  the  hydrogen- 
liameter  and  eight  inchc 
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t  the  other.     In  loading  if,  tho  vent  is  stopped  by 
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wax,  tho  tubo  filled  with  water,  and  the  proper  misture  of  gases  iatroduced 
from  a  receiver  under  water.  Tlio  tube  thus  filled  ia  closed  with  a  cork,  acd 
nfierward  flrcd  at  the  rout.  The  exploaioQ  13  sviffitieut  to  eipel  the  cork 
with  violence,  and  produce  a  louJ  leport.  Tho  same  expcrimont  may  be 
more  simply  performed  by  inverting  a  vial,  or  test  tube  "over  a  jet  of  hydro- 
gen,  and  allowing  the  escaping  gas  to  mingle  with,  but  not  wholly  displace  tlie 
mr.  The  mixture  thus  obtained  may  bo  exploded  by  applying  flame  to  the 
mouth  of  tlie  tube. 

The  loud,  sharp  report  which  attends  the  combination  of  oxygen  and  hy- 
drogen under  these  drcumatanees,  L'lexpLuncdasfollows;— The  Bteam,  which 
Is  tiie  resullir^  product  of  the  union,  suddenly  expands  from  the  high  tem- 
perature attendant  on  the  combustion,  and  immediately  afterward  condenses  ; 
^reat  dilatation  i8  first  produced,  followed  by  the  formation  of  a  partial  vacuum ; 
the  surrounding  air  rushes  in  to  fill  tbe  void,  and  bjitlie  collision  of  its  par 
tides  produces  the  report.* 

The  infiammation  of  au  explosive  mixture  of  oxygen  and  hydrc^n,  or  of 
hydrogen  alone,  in  contact  with  air,  is  not  only  effactod  by  a  lighted  taper,  or 
the  electric  spark,  but  it  likewise  takes  place  in  the  cold  by  the  action  of  cer- 
tain substances,  the  principal  of  whicli  is  "platinum  sponge,"  or  platinum  in 
a  loosely  coherent  state,  f 

If  wo  throw  a  piece  of  platinum  sponge  into  a  vessel  containing  a  mixture 
of  2  parts  of  hydrogen  to  1  of  oxygen,  a  combination  of  the  two  gases,  ac- 
companied by  an  explosion  immediately  ensues.  The  same  thing  also  takes 
place,  but  more  slowly,  when  a  thin  plate  of  platinum,  rendered  eheroically 
clean,  is  employed. 

This  phenomenon  has  been  considered  as  one  of  catalyffls  (p.  161),  or  in 
other  words,  aa  due  solely  to  the  mere  presence  of  the  platinum  ;  but  it  is 
now  generaUy-bclieved  to  be  the  result  of  adhesion  (§  48).  The  gase^  it  is  sup- 
posed, by  reason  of  a  strong  adhesion  to  the  metal,  are  condensed  upon  its 
Burfdoe,  and  being  thus  brought  within  the  sphere  of  each  other's  attraction, 
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unita.     By  the  act  of  combioation  heat  ia  evolved — tlie  platinum  becomea 
red  hot — tiia  remaining  uncombined  gaaea  are  ignited  hy  it,  and  aa  exploaion 

Other  fiocly  divided  Bubstajioes  besid*  plalinvira  posaesa  this  property  of 
fevering  the  combiBatJoa  of  oxygen  and  hydrogen  in  an  inferior  degree. 
Even  poiinded  glass,  charcoal,  pumice,  rook-crjBtal,  etc,  if  warmed  to  600" 
F.  produce  this  effect  I'iceiy  divided  paJkdium,  rliodiura,  and  iridium  act 
ia  the  aams  manner  aa  platinum. 

If  we  project  a  jet  of  hydrt^n  alone  upon  platinum  sponge,  thia  eubstanca 
becooi^a  inoandescent,  and  the  gas  inflames. 


—  Advantage  1; 


29T.   Dobereiner'a     Infla 

n  of  thia  ci 
n  Dg  fire  instantly  by  meana  of  hydrogen  gas.     It 
sts  of  a  conical  glasa,  Fig.  100,  attaclied  to  a  plate  and 
stop-co  k,  and  suspended  in  a  receiver,  a,  containing  aul- 
ihunc  ac  d  and  water.     WiOiin  the  inner  v  asel     p*  («   f 
1  nc       s  auapendcd,  and  thia  b  tac  dil 

to  d  evolvcB  hydrogen.     The  gas         mul      g  ui 
E^-=t         ii    ii  r  vesatl  forces  the  acid  into  t  se     in  il 

B  £|j_,  J    Ii    '  nger  touches  the  zinc,  and  tbi     st  p  fiirt 

BIT-T'    J     I  on  ol  hj  Irogen.     By  opening  lop   ol  cc 

l|tLiJ   Ji  .  inulatcd  gas  issues  upon  a  ball      sp    g    p   U  d, 

y  almost  mmediately  takes  fire.     A       at  g     es    p  s 

terior  vessel,  the  sulphuric  acid  which  has  been 
e,  and  again  coming  in  contact  with  the  zinc, 
evolves  a  fresh  supply  of  hvdrogen.  jii„  ,nj 

298.  Musical  Tones.— If  a  glass  tube,  open  at 
both  enda,  be  held  over  a  jet  of  burning  hydrogen  (see  Fig. 
JOl),  a  rapid  current  of  air  is  produced  through  tlie  tube, 
which  occasions  a  flickering  of  tho  flame,  attended  by  a 
series  of  small  eJcpltJSiona,  tliat  succeed  each  other  so  rap- 
i^y,  and  at  auch  regular  intervals,  aa  to  give  rise  to  a 
musical  note,  or  continuous  sound,  the  pitch  and  quality 
of  which  varies  with  the '  length,  tliickness,  and  diameter 
of  the  tube.  By  sounding;  the  fiajne  note  with  the  voice,  a, 
tuning-fork,  or  musioal  instrument,  the  sin^ng  of  the 
flarai  may  ba  interrupted,  or  caused  to  ceasa  entirely ;  or 


d  splacad 


290.  1 


silent,  t 


nbuUlo 


alcd  by 

of  Hydrogen  .—The  flame  of  hydrogen,  although 
slighfly  luminous,  produces  a  great  degree  of  heai  When 
the  combustion  is  asasted   by  oxygen  gas,  (he  heat  gen- 
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erated  is  moat  btense,  and  is  only  eiLceeded  by  that  produeod  by  electrical 
Qgoncy. 

300.  Oxjhydrogen   Blow-pipe.  Fio.  102. 

— Tiie  practical  arrangement  for  epfecting 
the  combustion  of  hydrogen  by  oxygen, 
is  known  as  tho  "  Oxyhydrog  n  or 
"  Compound"  Blow-pipo.    As  con  monly 


teoftw 


Pig.  103. 


containing,  the  one  oxygen,  and  the 
hydrogen.  (See  Fig.  102.)  Tubes  lead  g 
from  theso  arc  brought  together  at  th  r 
oxtreniities,  and  the  two  gases  dehvc  ed 
&om  apertures  situated  l-30th  of  aa  n  h 
apart,  aro  burned  in  a  single  jet  Tl  e 
beat  result  is  attuned  by  so  arrang  ng  t  e 
Btop-cocks  of  tho  gasometers,  that  the 
volnmo  of  hydrogen  flowing  out  shall  be 
double  that  of  the  ox^en. 

The  efTocta  of  tho  componod  hla^  p  pe 
may  be  produced  in  a  degree  by  pass  n 
a  slream  of  hydrogen  through  the  flan  e 
of  a  spiril^lamp,  aa  is  ropreaonied  m  J  g 
103. 

The  effects  of  the  oxyhydrt^n  blow 
pipe  are  very  romarkabla    Substances  that  t  e  nfua  Lie  n   he 

bla  t  f  mices  melt  n  t  e  1  c'jt  f 
a  Ibcua  «  th  the  rap  d  tv  of  wai. 
Iron  copper  iioo,  and  oti  er  mefal^ 
me  t  and  bum  m  t  read  1y  tho 
first  (when  a  w  tch  ap  ng  or  steel 
file  IS  employed)  with  beautiful  sciu- 
tillal  cni  and  the  latter  wiUi  char- 
a  tinstic  colored  flames.  Thick 
1  latmum  vt  ire  melts  in  it  with  ease, 
«id  may  bo  even  yolatihzcd.  Rock  crystal  can  be  Lquefied  and  drawn  eut 
inlo  threads  like  glass,  and  the  stism  of  a  tobiuco-p  pe  n*y  bo  fused  into  an 
«namel-liko  bead.  ' 

When  the  jet  of  the  two  gases,  after  being  set  on  fire,  is  du'ected  under 
water,  it  continues  to  burn  beneath  tho  surface  of  the  liijuid,  in  the  form  of  a 
globe,  and  fuses  and  bums  metallic  wires  hell  in  it 

301.  Drummond  LiRht .—The flame  of  the  oxyhydn^en  blow-pipo 
is  TCry  pale  in  itself  but  diffuses  a  dazzling  light  as  soon  aa  any  solid  body 
is  introduced  into  it.     By  causing  the  flame  to  fall  upon  a  cylinder  of  quick- 
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limo,  an  artificial  light  is  produced,  which  for  whitensss  and  brilliancv  may  b9 
compared  to  the  sun  itaelE  With  tho  requisite  supply  of  gists  t  iia  liglit  may 
be  maiut^ned  for  hours,  cars  boing  taken  td  cxposo  to  the  fiamo  fresh  sur- 
faces of  tlie  hme,  by  causing  it  to  revolve  by  clock-work  pontmuollv,  but 
slowly.  This  light  ia  generally  known  as  the  "  Drummond  Light, '  from  tho 
Dime  of  aa  English  engineer,  who  first  used  it  for  signalizing  at  great  dis- 
tances ;  it  is  also  o(\«n  tormoii  tho  "  lime  light," 

The  ilistanoea  at  which  this  light  may  bo  aeen  when  lis  rays  are  concen- 
tratod  by  a  parabolic  mirror,  are  very  great.  In  oiie  mstance,  during  tlia 
prosecution  of  the  trigonometrical  survey  of  Greit  Bntain  it  was  seen  by 
observers  stationed  upon  a  mountain  peak,  at  a  disUnea  of  108  jniles,  daring 
daylight. 

The  combination  of  hydrogen  with  other  bodies  ia  not  attended  with  fhi 
development  of  light  and  heat,  with  the  exception  of  oxygen  and  clilorine— 
two  of  the  most  liighly  eiectro-ncgativo  of  al!  known  substances. 

302.  The  Chemical  Charactoriiitics  of  UydrogeD  ally 
it  very  closely  with  the  metals — particularly  with  zinc  and  copper — and  there 
are  some  reasons  for  supposing  tiiat  it  ia  itself  a  metal,  exceedingly  volatile, 
and  sustaining  in  this  respect  tho  same  relation  to  mercury,  that  mercury 
does  to  platinum.  The  fact  that  it  is  wanting  in  luster,  hardness,  and  bril- 
liancy— qualities  which  arc  popularly  considered  as  essential  ottrihuCea  of  llio 
metala — is  no  argument  against  thia  euppoaition,  maaijinch  as  mercury,  when 
vaporized  tlirough  heat,  is  as  transparent  and  colorless  as  hydrogen  itself 
Tho  vapor  of  mercury  and  of  other  volatile  metals  is  also,  like  hydrogen,  a 
non-conduclor  of  heat  and  electricity.  Tet  mercury,  in  the  state  of  vapor,  is 
no  less  a  metal  than  in  its  ordinary  condition. 

Although  hydrogen  is  tlie  lightest  and  the  most  attenuated  substance  in 
nature,  and  combines  in  the  amallost  proportional  quantity  of  all  the  element^ 
its  active  power,  considered  in  relation  to  its  combining  weight,  ia  very  great. 
Thua,  it  combinea  with  chlorine  in  tlie  ratio  of  1  part  by  weight  to  3G  ;  with 
bromine  1  to  80 ;  and  with  iodine  as  1  to  125 ;  yet  in  each  case  it  abun- 
dantly satiaflca  the  combining  affiniijoa  of  the  other  elements,  generates  by 
its  imbu  powerful  and  not  easily  decomposed  acids,  and  in  every  other  re- 
spect inanifcats  an  equality  of  force.  Thia  cireumatance  of  so  much  power 
existing  in  connection  with  so  little  ponderable  matter,  is,  regarded  by  Pro- 
fessor Faraday,  as  one  of  the  most  remarkable  characteristics  of  hydrt^en. 

303.  Compounds  of  Hydrogen  with  Oiy^en.— But  two 

compoundB  of  hydrogen  with  oxygen  are  certainly  known  to 
exist*^ — the  protoxyd  of  hydrogen,  or  water,  whose  chem- 

■  According  to  Bome  sathoritieB,  there  is  a  third  compound— the  anbosyd  of  h;Kdrogec 
— rormed  liy  the  gradaal  absorpUon  of  Jiy^lrogen  by  water. 
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ical  symtcil  is  HO,  and  the  peroxyd  or  binoxyJ,  whose 
symbol  is  HOj,  Water  is  the  only  natural  combinatioa  ; 
the  binoxyd  being  an  artificial  preparation. 

SOi.  W  a  t  e  r  is  tho  most  important,  and  at  the  same  time  the  most  ro- 
markable  of  all  chemical  compounds.  It  ia  the  moat  abundant  aubatacce  cs- 
iating  in  a  separate  condition  upon  tho  face  of  the  earth,  and  covers  to  an 
unknown  depth  three  fourtha  of  its  surface.  Water  enters  lai^ly  into  the 
compo^tion  of  nearly  all  organiEed  matter,  and  of  every  Btruetore  that  pos- 
Besaca  corporeal  vitaUty,  it  is  an  eaasntial  clement.* 

305.  Composition  of  Wat er.— Water,  aahas  beenalreailystated, 
is  formed  by  the  union  of  two  volumes  of  bydrt^n  and  one  of  oxygen,  or 
by  we^ht,  of  8  parts  of  oxygen  to  1  of  hydrogen.  Tho  composition  of  water 
by  measure  and  by  weight,  upon  which,  aa  a  basia,  the  whole  theory  of  atomic 
conatitution  and  tlio  doetriDO  of  equivalent  proportions  rests,  may  be  proved 
by  a  great  variety  of  esperimenta,  both  by  analysis  and  by  aynthesia. 

By  analyais,  by  decomposing  water  by  the  galvanic  current  {§  242,  p.  148), 
and  by  passing  tho  vapor  of  water  over  red  hot  iron  (§  293).  By  synthc- 
»3,  by  uniting  the  two  gases  in  proper  proportions  by  combustion — by  llio 
aeljon  of  apongy  platinum— by  tho  electric  spait — and  by  passing  a  current 
of  hydrogen  over  oxjrd  gf  copper,  heated  to  bi^ht  redness. 

Tho  most  rehable  synthetical  process  is  that  last  indicated.  The  hydrogen 
passing  over  the  heated  metalUo  oxjd,  combines  with  its  oxygen  and  forms 
water,  wliidi  passes  off  as  sfeam — the  copper  being  left  in  a  metallic  state, 
the  steam  collected  and  condensed  g^ves  the  weight  of  the  water  formed ;  tho 
loas  in  weight  which  the  metallic  oxyd  experiences  pres  tho  weight  of  *he 
OKygen  which  has  entered  into  the  composition  of  the  water  i  and  tlio  dif- 
ference between  these  two,  ^yes  the  we^ht  of  the  hy-         i'lQ.  104. 


drogen  contained  in  the  w 

Eudiometer . — An  apparatus  by  which  a  mixture 
of  oxygen  and  hydrogen  can  be  exploded  by  the  electric 
spark,  and  the  vaulting  product  collected  and  examined, 
is  termed  an  Eudiometer.  It  conaists  of  a  graduated 
glass  tubo  usually  placed  over  mercury,  and  so  arranged 
tliat  an  electric  spark  can  be  passed  into  its  interior.  (See 
Fig.  104.)  "Wlien  a  mixture  of  oxygen  and  hydrogen  is  ex-  ( 
ploded  in  sueli  a  tube  over  mercury,  a  vacuum  ia  formed 
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by  reason  of  the  r  an  on  and  ponlanaat  on,  and  hn  coot  ry  rises  to  fill  it 
If  the  gases  are  m  ngled  n  the  exiot  proport  on  o  form  water,  the  com- 
b  nation  will  be  com;  1  te  and  bo  h  ■»  II  d  aappe  r  en  rely.  If,  however, 
one  of  the  two  el  nts  s  n  exoess,  a  gaseous  roa  duum  w  11  remain.  Thus, 
suppose  we  ntroduco  to  tl  e  cud  on  t  r  100  meo^urea  of  hydrogen  and 
0  of  oxygen  we  shall  find  ■jfter  com  nat  on  "5  of  oi:ygen  remaining,  but 
none  of  lijiirogon  Tl  ercforo,  100  of  hjdrogon  have  conbmed  with  50  of 
oxygen,  or  the  un  on  1  as  taken  place  m  tl  e  pr  port  on  of  2  volumes  ta  1 
The  graduatons  murlcd  on  the  eudomekr  t  bo  ena  le  ua  to  proponion 
the  quantit  es  of  tl  e  gases  to  be  n  rodu  "ed,  and  also  to  e^timato  by  tho 
space  unocc  ped  he^o  nmeoftheros  du  m   ema  mnj,  at  rthe  eombmation. 

306  II  B  [  0  r  y  — Th  history  of  iMt  r  -on  t  lutes  on  of  tho  most  mter- 
eetmg  portions  of  tho  whole  record  of  physical  philosophy.  Tho  old  Greek 
philosopher  Thalea,  in  the  earliest  dawn  of  seiontiSc  speculation,  taught  that 
water  was  the  "  first  and  fontal"  element  of  all  malarial  tilings — tho  earliest 
created  substance.  At  a  subsequent  period,  it  was  considered  to  bo  one  of 
fiiw  primal  elements;  earth,  air,  and  fire  being  the  other  three.  This  view 
of  the  elementary  charaetor  of  water  remained  unquestioned  until  nearly  the 
close  of  Ihe  IBth  century,  or  about  the  time  of  the  first  French  revolution. 
Von  Helmont,  a  contemporary  of  Galileo,  and  one  of  the  most  eminont  scien- 
tific men  of  his  day,  raaintiUBed  the  doctrine  that  water  was  convertible  into 
earth,  and  the  following  experimental  results  were  appealed  to  as  afibrdnig 
indisputable  evidence  of  the  &ct,  viz.,  that  a  tree  when  transterred  from  earth 
to  water  continues  to  develop  itself  and  derive  solid  constituents  from  the 
liquid;  and  that  when  water  was  evaporated  to  dryness  in  a  vessel,  an 
eairtby  residuum  always  remained.  The  inference  from  these  experiments  was 
not,  however,  that  watar  was  a  compound  body,  but  rathei  that  it  posaeased 
a  generative  cliaraoter,  and  produced  all  tho  elements  necessary  for  vegetable 
cxiatence.* 

Sir  Isaac  Newton,  in  1 7  04  in  tho  course  of  his  optical  reaearehcs,  remarked 
thftt  water  and  the  diamond  both  refracted  light  in  the  same  way  as  sub- 
stances of  a  highly  inflammable  character.    Ho  in  conaequenco  predicted  tho 


BOd  of  animal  life,  If  they  Lad  iKen  watched  with  attail 

Ion,  wDuU  have  shown  that  tho 
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fiituTQ  combustiiai  of  the  diamond,  and  it  ia  inferred  tliat  ho  autidpaUxl,  in 
a  like  manner,  the  combuatibUitj  of  one  of  the  elements  of  water. 

Three  quarters  of  a  century  after  tliis,  Lavoisier  devised  and  carried  out 
an  experiment  which  is  regarded  aa  the  commencement  of  tlie  modem  sys- 
tem of  chemistry.  He  doubted  tlio  conclusions  of  Von  Helmont,  "  and  ho 
asked  nature  if  water  could  or  could  not  he  turned  into  stone,  and  saked  in 
such  a  way  that  she  granted  on  intelli^ble  and  wimiatakable  answer.  Ho 
look  ah  alembic,  which  may  be  described  as  an  air-tight  atill  or  retort,  in  which 
Uio  condensod  steam  or  distilled  liquor  always  flows  back  into  the  boitur — 
weighed  it— put  an  ascertained  quantity  of  water  in  it — made  it  aiT'light — 
and  set  the  water  boitmg ;  the  steam  or  di3tilli?d  liquor  rising,  became  con- 
deoaed,  and  eootiaually  trickled  back  through  the  tubular  arms  of  the  alem- 
bic into  the  original  resaet.  This  arrangement  was  kept  boiling  for  one 
hundred  nnd  one  daya  and  nights.  At  the  end  of  that  period,  the  whole  ap- 
paratua  had  lost  no  weight;  the  alembic,  however,  had  lost  17  grains,  but 
the  water  had  gained  weight,  and  was  muddy  with  earthy  particles.  When 
this  muddied  water  was  evaporated  to  dryness,  there  remained  20  grains  of 
earth.  It  of  which  had  clearly  been  worn  out  of  the  substanoo  of  the  veaael ; 
but  where  had  the  other  3  come  from  ?  Lavoisier  at  first  assigned  tliem  to 
iJie  incidental  enora  of  the  experiment,  but  it  waa  afterward  shown  that  they 
were  derived  from  the  water  itself — from  the  saline  and  organic  matlor 
which  it  held  in  aolution.  Tlina  the  earth,  which  Vou  Helmont  traced  to 
the  transfomuition  of  water,  was  discovered  to  have  come  from  the  earthy 
vessel  ia  which  the  water  had  been  contiuuoualy  boDed.  Schecle,  an  eminent 
Swedish  chomiat,  followed  up  the  experiment,  by  an^yzing  the  earth  pro- 
duced, and  proved  it  lj>  be  the  same  as  the  material  of  the  apparatus. 

"The  notable  circumstance  in  tliis  experiment  is  tho  use  of  the  balance. 
Until  this  weighing  of  tlio  alembic  the  balance  had  not  been  used  in  chemT 
istry  aa  an  implement  of  research.  Quality  and  not  quantity  was  only  re- 
garded. But  when  Lavoisier  ordered  a  balance  with  a  view  to  its  employ- 
ment in  reaeatch,  the  fete  of  old  theories  was  sealed.  Tho  very  thought  of 
the  balance  implied  the  perception,  by  him  that  thoi^tit  of  it,  of  Ihe  central 
idea  of  all  positive  chemistry,  namely,  that  every  chemical  operation  ends  in 
an  equation ;  and  that  if  100  grains,  ounces,  or  pounds  of  any  substaneo 
whatsoever  are  burned,  distilled,  or  in  anyway  altered  by  a  chemical  procesi, 
then  100  pounds,  ounces,  or  grains  of  material  must  bo  accounted  for  after  Iha 
operation,  for  notliing  is  ever  lost." — Brbwsteh. 

A  few  years  afler  this  esporimont  of  Lavoisier,  oxygen  waa  discovered, 
and  hydr(^en  first  correctly  deacribed  by  Cavendish.  Subsequently  the  com- 
position of  water  waa  discovered  almost  aimultaueously  by  James  Watti  the 
inventor  of  the  ateam-en^ne,  by  Cavendish,  and  by  Lavoisier ;  the  first  two 
by  burning  hydrogen  in  oxygen,  and  the  last  by  decomposing  the  vapor  of 
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307.  Properties.  —  The  phjaical  properties  of  water  are  so  well 
knoivn,  and  have  beea  ilisoiissod  to  such  an  estent  in  the  precedii^  depart- 
ments of  this  work,  that  no  lengthened  description  is  necessary  in  the  present 

In  its  ordinary  condition  as  a  liquid,  and  free  from  admixture,  water  is  col- 
orless, tranaparent,  inodorous,  and  tasteless;  it  boils  at  212°  F.',  freezes  at 
32°  F.,  and  evaporates  at  all  temperatures.  It  is  GIG  times  heavier  than 
an  equal  bulk  of  air. 

308.  CoIoratloQ  oflFater . — Tho  peculiar  colors  which  large  bodica 
cf  water  assume  have  not  been  satisfactorily  owxiunteH  for.  The  color  of  tlie 
ocean  "  on  soundings"  is  generally  of  a  grocniali  hue ;  but  off  fundings  it  ap- 
pears blue.  It  is  mdntained  by  some  authorities  lliat  the  bluo  tint  of  tlio 
ocean  is  only  apparent,  and  is  owing  to  a  reflection  of  the  moat  refrangible 
of  tho  rays  of  solar  light  (the  blue)  in  greater  proportion  than  those  which  are 
less  ao.  Sir  Humphrey  Davy  attributed  tho  blue  color  of  the  Ocean  to  an 
admixture  of  iodine,  and  others  have  referred  tbe  very  remarkable  br^t  blua 
color  of  the  Uediterranean  to  tho  presence  of  Baits  of  copper ;  but  although 
iodine  oiists  in  combinatbn  in  all  sea-water,  and  copper  has  been  found  in 
the  waters  of  the  Mediterranean,  tho  quantities  present  do  not  appear  to  be 
Bulfldeat  to  produce  any  perceptible  coloration.  The  coloring  matter  of  tho 
Red  Sea,  which  at  particular  seasons  of  the  year  is  sufficiently  hilense  to 
justify  the  appellation  bestowed  upon  this  body  of  water,  lias  been  proved  to 
be  owing  to  the,  presence  of  a  prodigious  quantity  of  microscopic  plants. 

309.  Transparency  of   (he   Sea The  transparency  of  the  sea 

varios  with  tho  temperature.    The  maximum  of  visibility  under  water,  under 
the  most  favorable  drcumstanccs  docs  not  exceed  26  fathoms,  or  150  feet. 

SIO.  Pnrily  of  IValer.— In  nature,  water  is  never  found 
perfectly  pure. 

Bain-wator  collected  in  tho  country  afteraiongeotitinuancoof  wot  weather 
is  tho  purest  natural  water,  but  even  this  always  contains  atmospheric  air, 
and  the  gases  floating  about  in  it,  to  tho  extent  of  about  2i  cubic  inches  of 
air  in  100  of  water.  After  rain-water,  in  the  order  of  purity,  cornea  river- 
water;  next  the  water  of  laJtes  and  ponds;  next  ordinary  spring  waters;  and 
then  the  waters  of  mineral  springs.  Succeeding  these  are  the  waters  of  great 
arms  of  the  ocean  into  which  lai^  rivers  disehargo  their  volumes,  as  the 
Black  Sea,  the  water  of  which  is  only  hracldsh ;  then  the  waters  of  the  main 
ocean ;  then  those  of  the  Mediterranean  and  other  inland  seas ;  and  last  of 
all,  the  waters  of  those  hikes  which  have  no  outlets,  as  the  Dead  Sea,  Cas- 
pian, Great  Salt  Lake  of  Utali,  etc. 

31!.  Spring   H'aterB. — Spring  water,  although  it  maybe  perfectly 

QnRSTiosB.— Wh.tnre  thephyBfcalproperlleBof  uTitRrf    How  much  htsvler  than  »ir 
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transparent,  alwaj^  contains  more  or  less  of  mineral  matter  dissolved  in  ii 
Tho  nature  of  Iheae  BubatanceB  will  of  course  ybij  with  the  character  of  Iho 
soil  through  whicb  the  water  percolates.  The  most  usual  impurities  are  car- 
honate  of  lime,  common  salt,  sulphate  of  lime  gypsum),  sulphate  and  carbon- 
ate of  magnesia,  and  compounds  of  iron.  Moat  spring  waters  also  contain  a 
proportion  of  carbonic  acid  gas. 

312.  Mineral  8pri  ngs. — When  the  waters  of  springs  retain  in  so- 
lution 50  large  a  proportion  of  mineral  matter  as  to  give  them  a  decided  taste, 
they  are  termed  mineral  waters,  and  are  usually  reputed  to  have  some  medi- 
cinal quality,  varying  with  the  nature  of  Uie  substance  in  solution. 

Waters  which  contain  iron  in  quantity  BufQcient  to  impart  to  them  an  inky 
taate  are  termed  cha-iyb'e-ato;  the  iron  exists  in  the  water  moat  frequently 
in  the.state  of  carbonate,  dissolved  in  carbonic  acid,  and  rarely  in  a  propor- 
tion exceeding  one  grain  in  a  pound  of  water. 

Waters  impregnated  with  sulphuretted  hydrogen  gas  are  termed  mlpharinis, 
or  yuJpAurritei;  they  may  be  readily  recognized  by  then'  nauseous  taste  and 
odor.  Remarkable  springs  of  Ihia  character  exist  at  Sharon,  Hew  York,  and 
also  in  Vir^nia. 

313.  Saline  Springs , — Springs  whose  waters  contain  a  large  pro- 
portion of  earthy  or  alkaline  salts,  are  caEed  saUne,  although  thia  term  is  gen- 
erally applied  to  particularly  designate  springs  contaming  common  salL 

In  some  springs  carbonic  acid  is  very  abundant,  and  imparts  to  the  water 
an  elTervescent,  sparkling  character,  like  that  noticed  m  the  "  Seltzer"  and 
"  Saratoga"  waters. 

314  Tliermal  Springs. ^Manymmoralsprii^aroofalemperature 
considerably  higher  than  that  of  tho  surface  of  tho  earth  where  they  make 
their  appearance,  and  not  unfrequently  dischai^  boiling  water.  The  major- 
ity of  hot  springs  occur  either  in  the  vicinity  of  volcanoes,  or  they  rise  from 
great  depths  in  rocks  of  the  oldest  geological  periods.  With  few  oxcoptiona, 
they  diachai^  at  all  times  tho  same  quantity  of  water,  and  their  temperature 
and  chemical  constituents  remain  eonstaot.  There  is  evidence  to  show  that 
the  temperature  of  some  hot  springs  lias  not  diminished  for  upward  of  a  thou- 
sand years. 

S15.  River.-watorm  less  fitted  for  dnnkiug  purposLS  thin  spring 
water,  although  it  often  cont  uns  a  smaller  amount  of  disaoli  ed  salts.  But 
river-water  usually  holds  m  solution  or  suspeiiiion  largo  quantities  of  or 
ganic  matter  of  vegotiblo  origin,  dcnved  from  tho  surface  of  the  country 
drained  by  tho  stream.  II  the  sow  erage  of  large  tow  ns  ^tuated  on  its  lianks 
be  allowed  io  pass  into  the  stream,  it  is  of  course  lets  fit  for  domestic  pur- 
Water,  however,  which  is  contaminated  with  animal  and  vegetable  matter, 
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is  endowed  with  a  Belf-purifyiEg  power  of  tlio  utmost  importance.'  The  actifm 
of  the  oxsgen  of  the  air  geaerattia  a  species  of  fennentation,  whereby  the  or- 
ganic inattBra  contaioed,  in  the  water  become  osydaled,  deprived  of  both  color 
and  odor,  and  precipitated  in  part  as  sediment  Tho  water  of  the  river  Thames, 
contaminated  with  the  sewerage  of  London,  ia  a  remarkable  illustration  of 
this  feet  Taken  on  board  ships,  it  ig  at  first  nauseous,  but  alter  standing  in 
casks  for  a  few  days,  it  becomes  swe&t  and  wholeaomo, 

316.  Sea-waters . — The  most  abundant  substance  in  sea-water  is  com- 
mon salt;  next  the  chloride  of  magnesium  and  the  Eulphato  of  magnesia, 
which  compounds  give  to  the  water  its  saline,  titter  taste  ;  then  salts  of  cal- 
cium, potassium,  with  traces  of  iron,  iodine,  bromine,  fiuorino,  tilver,  and  some 
other  of  the  metals.  The  Specific  gravity  of  sea-water  varies  slightly  in  dif- 
ferent locations.  The  waters  of  tho  Baltic  and  of  tho  Black  Sea  are  less 
salt  than  the  average,  while  those  of  the  Mediterranean  and  pome  portions 
of  the  Gulf  of  Mexico,  are  more  so.  The  whole  amount  of  mineral  constitu- 
ents in  the  waters  of  the  main  ocean  ranges  from  3J  to  4  per  cent 

Tlie  soluble  earthy  matters  nashed  from  the  land  by  rams  mto  the  ri%cp" 
and  by  them  carried  mto  the  ocean  remam  there  anoe  pure  water  alone 
evaporates  from  the  surface  of  the  ocean  Tho  quant  ty  of  saline  matter 
therefore,  in  the  ocean  is  contmually  accumulating  It  is  an  error  to  attrib- 
ute the  saltness  of  the  sea  to  tl  e  presLnco  of  vast  beds  of  mineral  salt  but 
the  sea  undoubtedly  owes  all  its  "alts  to  ■uasJung''  fr  m  ihe  land  Tho 
streams  that  have  flowed  into  it  for  ages  have  I  een  constantly  adding  to 
the  quBQlity,  until  it  has  acquired  its  prisent  fanny  and  bitter  condition, 
rhe  evidence  <m  this  point  la  most  conclusive  the  salme  condition  of  sea- 
water  is  but  an  exaggeration  of  that  of  all  ordinary  1  ike's  nrera,  and  springs 
These  all  contain  more  or  le?3  of  tl  e  m  neni  tonatitueuls  of  sea  water  hut 
as  their  waters  are  continually  changing  and  flowing  into  tho  sea,  the  salts 
in  them  do  not  accumulate 

Again,  every  lake  mto  whi  h  nvcra  flow  ani  from  ishich  there  is  no  out 
let  except  by  evaporition  is  a  salt  lake  and  it  is  extremely  cunous  to  ob- 
serve that  this  condition  disappears  when  an  artificial  outlet  is  provided. 
Examples  of  such  lakes  are  tlie  Dead  Sea,  the  Caspian  the  frea  of  Aral 
and  the  Great  Salt  Lake  of  Utah  the  saltnesa  of  all  of  which  greatly  ex 
eeeds  that  of  the  ocean.  Thus  the  waters  of  tho  ocean  contnm  from  2  to 
3,000  grains  of  saline  matter  in  tho  gallon  (70,000  grains);  those  of  the  Dead 
Sea,  m  some  places,  11,000  grains,  and  those  of  the  Salt  Lake  of  Utah 
22,000  grains,  or  nearly  one  third  of  their  whole  weight.  In  some  instances, 
even  this  last  proportion  is  exceeded. 

317.  Relative  Fitness  of  Waters  for  Use.— Any  water 
which  contains  loss  than  15  grains  of  ordinary  mineral  matter  in  a  gallon  is 
conadered  as  comparatively  pure,  and  may  be  employed  for  aU  domestie 
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parpoaes,  provided  it  does  not  cootain  too  iargo  a  proportion  of  organic 
matter.  Water,  of  which  a  gallon  tontains  GO  grains  of  ordinary  mineral 
matters,  may  be  atill  good  for  drinking,  but  it  is  not  fit  ibr  cooking  vsge- 
tabiea  or  wasliing  linea  when  it  contains  8  grains  V>  the  gallon  of  ather 
lime  or  magnesia.  Waters  which  contain  6  graina  of  organic  matter  to  the 
gallon  are  not  fit  for  any  domestic  use ;  if  Ma  limit  is  exceeded,  lliey  act 
disastrously  upon  the  animal  economy,  and  may  occa^on  dysentery  and  va^ 
rious  other  maladies.  The  presence  of  m^neaa  in  considerable  ijuantity  iu 
drinkable  walera  is  andoubl<>dly  injurious ;  the  use  of  such  waters  in  Swit- 
Berland  is  supposed  to  give  rise  k)  the  fi-ightful  diseases  known  as  "goitre" 
and  "cretinism."*  The  disagreeable,  earthy  tasle  of  certain  well-waters,  in 
most  cases,  ariaoafrom  the  presence  of  ajQuiina,  held  in  solution  by  carbonic 

One  of  the  purest  natural  waters  ever  examined  is  that  of  the  river  Loka, 
in  the  north  of  Sweden,  which  flows  mainly  over  granitic  rocks,  upon  which 
water  produces  little  impression.  It  contains  only  I-20th  of  a  gram  {l)-l)56e) 
of  solid  mineral  matter  per  gallon.  Such  instances,  however,  are  very  rare ; 
but  irater  coataiaing  as  little  as  4  or  5  grains  of  solid  matter  lo  the  gallon  are 
not  unfrequent.  The  quantity  of  oi^auic  matter  in  water  is  always  greatest 
in  summer,  and  disappears  Ibr  the  moat  part  when  the  temperature  of  the 
water  Hnlta  to  the  freezing-poiiiL  Water,  by  filtration  through  finely  pow- 
dered charcoal,  may  ho  almost  entirely  deprived  of  Ol^nic  impurities. 

313.  Hard  and  Soft  Waters — Water  is  fomiliarly  spoken  of  aa 
hard  or  soft,  according  to  its  action  on  aoap.  Those  waters  which  contain 
compounds  of  lime  or  magnesia  occasion  a  eitriiiaig  of  the  aoap,  as  these  earths 
produce  with  the  fat  of  the  soap  a  substance  which  is  not  soluble  in  water. 
Soft  waters  do  not  contajn  these  earths,  and  dissolve  the  aoap  without  di£G- 
culty.  Many  hard  waters  become  soiler  by  boiling,  in  which  case  tlie  carbonic 
acid  gas  which  holds  the  lime  and  magnesia  for  the  most  part  in  solution,  is 
expelled  by  heat,  and  the  mineral  substances  are  dcpoaltod  upon  llie  interior 
of  tlie  boiler,  causing  a  "fur,"  "scale,"  or  incrustation. 

Soft  water,  or  that  which  is  free  from  dissolved  mineral 
matter,  possesses  a  greater  eoivent  power  than  hard  water ; 
therefore  it  is  most  suitable  for  washing  and  for  the  prep- 
aration of  solutions.  In  cnlinary  operations,  where  the 
object  is  mainly  to  soften  the  texture  of  animal  or  veget- 
able substances,  or  to  extract  from  them  and  present  in  a 

■  Goitre  is  ■  BwelllDg  of  the  gjanda  of  the  nect,  and  cretinism  la  i  viriety  o(  iaiolDy, 


Whit  of  tlieir  reapeciive  appllcBtion  tor 
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liquid  form  some  valuable  constituent,  as  in  the  prepara- 
tion of  soups,  tea,  coffee,  etc.,  soft  water  is  the  test.  In 
other  instances,  in  which  it  is  desired  to  cook  a  substance, 
and  not  to  dissolve  it  or  extract  its  juice,  hard  water  is 
preferable.  To  prevent  the  over-diseolving  action  of  soft 
water  in  cooking,  salt  is  frequently  added,  which  hardens 
it." 

319.  Much  speculation  has  been  occasioned  by  tba  circumstance  that  fre=b 
water  can  generaJly  be  obtained  by  oxearatjng  for  a  few  feet  or  incheg  on  low 
sandy  beaches,  or  ialacda  in  close  proadmitj'  to  the  sea,  and  also  by  the  oc- 
currence, on  many  of  the  low  coral  islands  of  the  Pacifio,  of  fresh  water  Bpricgs 
which  ebb  with  the  tide.  The  explanation  of  these  faeia  seems  to  bo,  thut 
the  fresh  waters  are  derived  from  rajna,  and  Ijoing  lighter  than  the  salt  wal«r 
of  the  ocean,  remain  suspended  in  the  sands,  resting  upon  the  denser  water 
beneath.  They  consequently  rise  and  fall  with  the  motion  of  the  tidea.  It  is 
also  true  that  the  waler  of  the  ocean,  by  filtration  through  Band,  is  deprived 
in  part  of  its  saline  constituents. 

320.  An  ordinary  water  contains  in  solution  air,  and  generally  a,  portion  of 
carbonic  acid  gas.  The  quantity  of  these  gases  absorbed. by  water  varies 
with  ita  temperature,  and  also  with  the  pressure  of  the  atmosphere — oold 
water  dissolving  mid  retaining  a  lai^r  quantity  tlian  warm  or  tepid  water. 
When  cold  waters  from  springs  or  fountains  are  exposed  to  warm  air,  they 
become  elevated  in  temperature,  and  the  gases  contained  in  them  escape,  ren- 
dering the  wabir  flat  and  insipid.  The  priocipal  agent  in  imparting  a  sparkle 
and  freshness  to  water  is  atmosplieric  ah',  and  not  carlxinic  acid  gas,  as  is 
often  supposed  and  taught. 

Air  and  other  gases  euating  m  nater  may  bo  cxpellod  from  jt  bv  raisuig 
the  water  to  a  boihng  temperature  or  bv  removing  the  jressuro  of  tlio 
atmosphere  The  presence  o(  air  in  walsf  may  be  Ijeautifulli  illustrated 
by  pLiLmg  a,  vessel   of  spring  wattr  beneath  the  rLceiver  of  an  au"  pump 


tbouDda  in  thcae  seeds.    Onloni  furnish  s  good  example  of  tbe  iitflaoace  of  quaiitu  !a 
rlicn  cooked  in  sailed  water,  tliey  posoess,  in  addition  to  the  pleiBuit  saUne  Isste,  n  pi-. 
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{Fig.  105),  and  gradually  exliausting  ibo  air.    As  tlic  oxhaua-      FiG.  105, 

Fishes  aud  otbcr  marmo  animaJs  are  dependent  upon  tlie  air      ,  t^Ja 
■wliicli  water  contains  for  tiioir  respiration  and  esialeiice.    If      |  |^9I 
\ce  place  a  fish  in  water  which  has  been  entirely  deprived  of      i  B^Bw 
mr,  it  is  almost  immediatelj  sufibcaled.      This  foet  c:in,  if      I  Bue^l^ML 
desired,  be  demonstrated  with  the  aid  of  an  idr-pump.    Tlie  {  -'^^^^^t^ 
quantity  of  air  retained  by  water,  at  an  altitude  of  G,000  or  ^^=^^ 
8,000  feet,  owing  to  a  reduced  atmospheric  pressure,  is  two-thirds  less  tlian 
the  usual  proportion.    Hence  it  is  that  fishes  can  not  live  in  high  mountain 
lakes — the  amount  of  air  contained  in  tlie  waters  being  inadequate  for  their 
respiration. 

A  remarkable  evidence  of  design  on  the  part  of  Frovidonco  in  supplying  the 
wants  of  marine  animals,  wiiich  extract  the  oxygon  tltcy  require  for  the  sup- 
port of  life  from  tlie  walet  in  which  tlioy  llye,  would  appear  te  be  found  in  the 
circumstance  that  water  absorbs  oxygen  and  nitrogen — the  constituents  of  air 
— in  proportions  different  from  those  existing  in  the  atmosphere.  Thus,  ordinary 
ajr  contains  about  21  per  cent,  of  oxygen,  but  air  which  exista  in  water  con- 
tains from  SO  to  33  per  cent.  Marine  animals,  therefore,  can  obtain  more 
eaaly  the  necessary  supply  of  oxygen  ih>m  air  which  contains  one-lhu^i  of 
this  gas,  than  from  air  containing  but  one-fifth. 

It  lias  aJso  been  recently  discovered  by  Dr.  Hayes,  that  the  water  of  the 
ocean  contains  more  oxygen  near  its  surEice  than  at  a  deptli  of  ono  or  two 
hundred  feet.  This  fact  has  probably  some  connection  with  tlie  coniparative 
scarcity  of  animal  life  at  great  depths. 

When  water  is  in  contact  with  an  atmosphere  of  mixed  gases,  it  dissolyes 
of  each  a  quantity  prei^soly  equal  to  that  which  it  would  have  dissolved  if  in 
contact  with  on  atmosphere  of  this  gas  alono. 

Absolutely  pore  water  can  only  t>o  obtained  Liy  repeated  distillations  in 
clean  vessels  of  hard  glass. 

321.  Solvent  Properties  of  Water.— The  solvent  prop- 
erf  ios  of  water  far  exceed  those  of  any  known  licLiiid. 

Moat  bodies  are  more  soluble  in  hot  than  in  cold  water,  the  solubility  in- 
creaslr^  with  the  temperature.  Among  the  few  exceptions  to  this  rule  may 
be  mentioned  common  salt,  the  solubility  of  whidi  is  nearly  the  same  at  all 
temperatures,  and  lime,  which  is  more  soluble  in  cold  than  in  hot  water. 

322.  Ghemieal  Properties  of  Water.— Water  is  tho 
perfection  of  a  neutral  Bubstance,  and  ontera  into  combi- 


I  air  In  water  Bnrtain  to  anlniul  Ufa !    What  ai 

■be  bottom  of  the  ocean !  In  irliat  manner  doc 
i!  Hot  may  abBoliilelr  pure  water  be  obtained  r  Wliat  Is 
valor  1h1  general  F    What  of  the  elieiDlcal  preperlica  ef  water 
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nation  most  extensively  with  acids,  bases,  with  a  lai^e 
proportion  of  the  salts,  aud,  in  short,  with  most  bodies 
which  contain  oxygen . 

A  compound  of  water,  in  definite  proportions  with  some 
other  substance,  is  termed  a  hydrate  ;  and  a  body  entirely 
free  from  water  iu  combination  is  said  to  be  anhydrous. 

When  a,  salt  Mmply  dissolves  in  water,  the  ael  of  solution  is  uniformly  at- 
tended with  tlie  production  of  cold ;  but  when  water*  chemieally  combines 
with  a  salt,  or  ibrms  a  definite  hydrate,  tho  formation  ia  always  attended  with 
heat ;  this  circumstince  indicates  an  essential  diSerence  between  solution  in 
■water  and  eliemioal  oomljiaation  with  water. 

"Slacked  limo"  is  a  familiar  example  of  a  hydrale.  When  water  is  added 
to  quick  lime,  it  rapidly  combines  with  it,  producing  great  iieat,  and  a  chem- 
ical compound  results,  which  is  a  "hydrate  of  iime."  Wtien  water  unites 
with  potash  and  soda  under  tlie  same  cifcumstanees  the  chemical  union  be- 
^veen  the  two  substances  is  so  strong,  that  no  amount  of  heat  alone  is  suthdent 
)  separata  them.  So  also  when  an  acid  has  once  been  allowed  to  combine 
'ith  wat«r  the  entire  separation  of  tlie  two  is  seldom  practicable,  unless  some 
base,  for  which  the  add  has  a  greater  affinity  tlian  for  water,  be  presented; 
in  such  a  case  the  base  displaces  the  water,  and  its  expulsion  by  heat  is  then 
easily  effected.  For  example,  suppose  that  sutpbnric  acid  has  been  Treely 
diluted  with  water:  upon  the  application  of  heat,  the  water  at  first  passes 
off  readily,  leaving  the  loss  volatile  acid  behmd.  By  degrees,  however,  it 
becomes  necessary  to  increase  the  temperature  in  ordor  to  continue  the  dis- 
tillation of  the  water,  and  at  last  tho  acid  begins  to  evaporate  alao,  and  finally 
no  further  separation  can  be  effected,  as  when  the  temperature  rises  to  about 
1)30°  K,  both  water  and  acid  distil  over  together.  It  is  found  on  analyzing 
the  liquid  when  it  has  reached  this  point,  that  tbo  liquid  contains  one  equiv- 
alent of  acid  and  one  of  wst«r,  ila  composiUon  being  represented  by  tho  sym- 
bols SO3,  HO.  Ift«  this  concentrated  acid  an  equivalent  of  potash  be  added, 
Uie  water  is  easily  expelled,  and  an  equivalent  of  anhydrous  sulphate  of 
potash  (KO,  SOj)  remains.  Water;  when  it  thus  supplies  the  place  of  a  base 
in  combination  with  acids,  is  called  basic  water. 

323.  Peroxyd,  or  Bin  ox  yd  of  IlydEogeii,  sometimes 
called  oxygenated  water,  was  discovered  by  Thenard,  in 
1818.  It  contains  twice  as  much  oxygen  as  water,  and  ia 
a  body  characterized  by  most  remarkable  properties. 


oxyA  of  hydrogen? 
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It  ia  formed  lij  decomposing'  peroxjd  of  barium  by  Bulphurio  or  hydroau. 
orio  acids.    The  process,  bowever,  ia  most  difficult  and  complicated. 

Peroiydof  Hydrogen  isaajnipy  liquid,  of Hpeciacgravily  1-45,  transparent, 
colorless,  and  almost  inodorous,  l)ut  possessed  of  a  most  nauseous  and  astrin- 
gent taale.  Although  it  differs  fkim  muter  only  in  containing  an  additional 
equivalent  of  oxygen,  it  ia  a  powerful  bleaching  agent ;  and  when  applied  to 
the  skin  for  any  length  of  time,  whitens  and  destroys  its  texture.  It  can  ha 
preserved  only  at  a  temperature  below  69°  F.  Heat  rapidly  decomposes  it 
into  water  and  oxygen  gas,  and  at  a  tomperature  of  212°  F.,  the  evolution 
of  gas  ia  bo  rapid  as  to  occasion  an  explosion.  The  mere  contact  of  carbon, 
and  of  many  of  tlio  metals  and  metallic  oiyds  also  occasions  its  instantaneous 
decomposition,  accompanied  by  an  explosion  and  evolution  of  light. 

The  known  properties  of  tliia  substance  render  it  highly  probable  that  it 
would  prove  moat  valuable  in  itfl  application  to  art — aa  a  bleaching  and  oxyd- 
izing  agent  The  expense  and  diffiiflilty  attending  its  preparation  have,  how- 
ever, tiius  far  prevented  ita  emplojmcut  fur  any  practical  purpose, 

SECTION    IV. 


Symbol  N.     Density  0-971. 

324.  History,~-Nitrogcn  was  first  recognized  as  a  dis- 
tinct element  by  Dr.  Rutherford,  of  England,  in  1772. 

Its  name  is  derived  Irom  the  Greek  viTpm,  niter,  and  ysvvaa.  I  form  (the 
generator  of  niter).  Lavoisier,  from  its  inability  to  support  life,  termed  it 
Azote  {from  aprivalive,  and  ia<i,  life). 

325.  Natural  Klstory.— Nitrogen  is  one  of  the  most 
ftbundant  of  the  elements. 

As  a  constituent  of  the  morganic  kingdom  of  nature,  wo  find  it  in  tlie  at^ 
mosphere,  of  which  it  constitutes  four-fifths;  in  ammonia;  in  bituminous  coal ; 
in  the  well-known  salts,  nitrate  of  potaah  and  nilrate  of  soda  (niter,  saltpeter), 
and  in  many  other  mineral  compounds.  In  the  orgomo  kingdom,  nitrogen 
especially  cliaracterizes  aaimal,  in  contradistinction  to  vegetable  products ; 
udvertheless  it  is  found  in  the  latter,  but  in  small  quantities.  One-fifth  of  the 
weight  of  tlie  dried  flesh  of  animaU  ia  nitrogen.  The  plants  which  ccaitmn  it 
in  greatest  quantity  belong  to  the  orders  crurafoise  (tumipa,  cabbages,  horse- 
radiah,  mustard),  and  fimgaccK  (mushrooms,  eto.).  Inasmuch  as  animals  con- 
tarn  so  ranch  nitrogen,  and  vegetiibles  so  little,  Berselius  imagined  that  nitro- 
gen was  generated  in  some  unknown  way  by  the  animal  funetiona.  Tliia 
idea,  however,  has  been  opposed  by  liebig,  who,  with  the  majority  of  chemists, 
believes  that  the  nitrogen  existing  in  planta,  upon  which  all  anunals  directly 

gfiU^nrlbuClantniuitura?    What] 
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or  indiroctl  J  foed,  ia  suSTiciect  to  accouLt  for  the  largo  quantities  of  that  element 
loclied  up  in  the  tisauoa  of  animala.  It  ia  yet,  howuver,  one  of  Uio  great 
irasetUed  qviealions  in  chemistry,  and  also  in  agriculture,  whence  plants  derivo 
tlieir  iiitn^n ; — whether  ftom  llie  soil  (from  manures  and  decaying  organic 
matter),  or  from  the  air  directly,  or  from  the  ammonia  contained  iu  the  air. 

326,  Preparalion. — The  usual  methods  of  obtaining  a 
supply  of  nitrogen  for  tiie  purpose  of  experiment  are  based 
upon  the  removal  of  oxygen  from  atmospheric  air— leaving 
the  nitrogen  isolated  or  alone. 

The  simplest  plan  consiste  in  placing  a  lew  frajmeiits  of  phosphoms  in  a 
littlo  metallic  or  porcelain  cup,  which  is  floated  upon  tha  surfece  of  the  water 
Pre  lOG  ofa  pneumatic  trov^li.    The  phosphorus  ia  ignited,  and 

"  ";]ass  jar  or  receiver,  filled  willi  air,  is  then  tnyerted 
:r  it,  with  its  lip  in  the  water.  (See  Fig.  106.)  Tlia 
phosphorus  bums  at  the  expense  of  the  oxygen  in  tbe 
confined  ^r,  and  by  reason  of  its  great  affinity  E)r  oxy- 
gen, it  combines  with  every  portion  of  tliis  elenient  con- 
tained m  the  receiver,  leaving  the  nitrogen  eompara- 
;  tively  pure.  As  the  combualion  proceeds,  the  water  of 
the  pneumatic  troi^h  gradually  rises  in  the  jar  to  supply 
the  place  of  the  consumed  oxygen.  The  product  of  the  union  of  the  phosphorus 
and  the  oxygen  is  phosphoric  aind,  wbich  at  first  pervades  the  receiver  as  a 
dense  whito  vapor,  but  after  a  little  time  is  absorbed  by  the  water. 

Alcohol,  ignited  in  a  little  cup,  mny  be  substituted  in  the  place  of  phos- 
phorus in  tliis  experiment,  but  it  does  not  consume  the  oxygen  entirely,  and 
produces  also  a  certain  quantity  of  carbonic  acid. 

The  removal  of  oxygen  from  Hie  air  may  also  be  efi^ected  more  slowly  in 
various  ways.  A  Btiok  of  phosphorus  introduced  Into  a  jwr  of  air  standing 
over  water,  will  slowly  absorb  the  oxygen,  and  in  two  or  three  days  about 
lour  fiftlia  of  iiie  original  bulk  of  the  air,  consisting  of  nitr<^n  nearly  pure, 
will  be  left  Moistened  iron  filings  produeo  a  Mmilar  result,  the  metal  gra- 
dually becoming  oxjdiied,  sa  is  seen  by  tlio  ruaty  appearance  which  it  aa- 

Hitn^n  may  also  bo  obtained  by  conducting  chlorine  gas  into  a  solution 
of  ammonia;*  by  exposing  muscle  (flesh)  to  the  action  of  nitric  acid  in  a  ro- 
tort  to  which  heat  is  applied ;  and  in  a  steto  of  great  purity  by  passing  a  cur- 
rent of  air  through  a,  tube  eonteining  copper  turnings  heated  to  redness;  tho 
oxreen  in  this  experiment  bemg  entirely  absorbed  by  tho  copper  to  form 
piyd  of  wqtper,  while  the  nitri^on  passes  off. 

321.  Proper  lies, — Nitrogen  is  a  colorless,  tasteless,  and  odorless  gas, 

•  ThlieiporinienUa »  someirhiit  dingcroiis oto,    (Si^c chlorldo  of  nltroBcn.) 
gen  obt^ned  1  Enumsruto  ^nnie  of  tho  loetbods  employed  f  Whut  are  Uie  pliysieal  prop- 


HnjtcdbyGoOglc 


NITROGEN.  221 

which  03  pit  Iiaa  related  every  ofTort  to  liquefy  it  It  ia  somowliat  lighter 
than  atmospheric  air,  having  a  specific  graTity  of  0'971  (air  —  1-00), 

One  of  tho  most  distinguisliitig  characteristics  of  nitrogea  is  ita  inertness,  or 
"slugpshucsa;"  it  brang,  so  lar  as  chemical  properties  are  eonccrnoJ,  in  strik- 
ing contrast  with  oxygon,  which  is  one  oftliomost  enei^ticof  tho  elements. 
It  ia  neitjier  add  or  alkaline,  and  neither  supports  oorabuation,  or  bums.  A 
burning  t^)cr  in  instantly  oxtingoished  in  this  gas,  and  an  animal  immersed 
in  it  quiekly  perishes;  not  bocauso  the  gas  Is  injurious!,  but  for  \raat  of  oxy- 
gen, wliieh  ia  required  for  hotU  reapuation  and  combustion.  It,  however, 
entcFB  into  tho  lun^  with  every  act  of  inspiration ;  is  a  Constituent  of  our  moat 
nutritions  food,  and  a  necessary  componont  of  the  animal  irame, 

Nitrcgen  does  not  unite  direcibj  with  any  other  single  element ;  but  its 
combination  with  the  varioua  elements  all  result  from  tho  agency  "  of  indirect^ 
oWique,  or  drcuitous  processes,  wliich  conditions  being  accorded,  we  fre- 
quently have  whole  eiaasoa  of  suljstsmoes  springing  iut«  existecco ;  whereas, 
in  tho  case  of  hydrogen,  the  combining  tendency  ia  satiaflod  witli  the  forma- 
tion of  only  one  or  two  compoands," — Fauabat. 

A  striking  illustration  of  tho  non-combining  properties  of  nitrogen,  is  (bund 
in  the  fact,  that  no  leas  than  sis:  tons  of  lur  pass  Ihrougli  an  average-sized 
iron  blast-ftirnace  every  hour,  during  which  transit  tlie  oxygen  part  cf  tiie  aii 
is  most  active  in  forming  combinations,  while  the  nitrogen,  altliougli  sulijcoled 
to  precisely  simitar  conditions  of  heat  and  contact,  omergos  as  it  entire  J,  un- 
combined. 

328.  Instabilily  of  Sitrogcn  in  Composition,— Nitro- 
gen, of  all  ponderable  substances,  appears  to  have  the  greatest  aOinity  fot 
beat,  and  when  in  eombictation,  constantly  tends  to  unite  witli  it,  and  resume 
its  elementary  condition  ofa  gas.  In  consequence  of  this,  and  also  by  reason 
of  its  slight  affinity  tor  the  otlier  elements,  tlie  compounds  of  nitn^en  are  le- 
marliabiy  unstable.  Many  of  tbem  ore  decomposed  with  eiLtrome  suddenness 
by  the  slightest  causes — tie  nitrogen  boing  disengaged  in  tlie  gaseous  form, 
and  often  producing  most  violent  e^^plosions.  Most  of  the  cxplo^vo  sub- 
stances  known  are  compounds  containing  uitrogon  as  an  essential  constitu- 
ent; as,  for  example,  gunpowder,  gun-cotton,  fulminatiag  mercury  (percussion, 
cap  powder),  fulminating  silver,  etc. 

A  substance  known  as  the  iodide  of  nitrogen  strikingly  illustrates  ly  ila 
mode  of  pr^aratuyti  the  peculiarly  lndir<!et  processes  demanded  by  nitrogen 
for  calling  its  powers  of  combiuattoa  iaU>  play,  and  bj/  its  character  when 
formed,  tho  instability  ot  the  same  clement  when  forced  mto  union  with  an- 
other body.  Iodide  of  nifrt^n  is  a  simple  compound  of  iodine  and  nitn^n. 
These  two  elements  when  mixed  t<^t.tlier  directly  manifest  uo  disposition  ta 
unite,  and  may  be  preserved  in  contact  unchanged  for  an  indefinite  period. 
But  when  nitrqpn  is  brought  in  contact  witJi  iodine  by  an  indirect  procosa, 

trate  this.  Wlmt  iB  tald  of  the  combinnUoni  of  nllrosenr  Wliat  rirruitiMaDce  illuatraUi 
ths  DOD-eomliiiilJigiiropcrtiQsafDllnigGii?  WbatpeDOllaritjrbaBulCrasiciiiacDnipo^Uaa! 
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as  when  a,  stroi^  dilution  of  ammonia  ia  mingled  in  a. glass  vessel  witU  a  satu- 
rated solution  of  iodine  in  alcohol,  combination  almoat  immediately  euauos, 
and  a  black  powder,  iodido  of  nitrogea,  ia  formed.  This,  after  standiog  for 
about  a  quarter  of  an  liour,  ia  separated  from  the  liquid  by  filtration,  washed 
in  Uie  filler  with  pure  water,  and  dried  hy  exposure  to  the  air  in  a  cool 
fflCualion.  As  thus  prepared,  it  ia  one  of  the  most  esploMve  sabatances 
known,  Iho  nitrogen  being  held  by  bo  slight  an  oicess  of  force,  that  the  merest 
friction  betvrcen  tiie  particles  of  the  compound  ia  aui&cient  to  shatter  it  into 
Ua  elements.  Tliia  result  may  be  illustrated  by  a  Toriety  of  experiments.  A 
small  quantity  projected  upon  water  explodes  the  instant  it  strikes  its  surface ; 
the  sumo  result  atCenda  the  dropping  of  a.  fragment  irom  a  slight  elevation 
upon  a  bard  aurfeee,  or  by  placing  a  small  quantity  upon  one  end  of  a  counter 
and  striking  the  other  end  with  a  liammer.* 

Nitrogen,  in  some  mysterious  way,  appears  to  be  assoiaatcd  mill  all  the 
higher  forms  of  animal  eiislence.  The  blood,  the  muscle,  the  br^n,  the 
nerves  of  auimals,  all  contain  it  in  lai^o  quantity,  and  these  substancea,  of 
all  organic  compound     ar      h  m  bl      f  doc  mp 

Oi^nic  bodies  wl       co  Hj  gen,  g  rai 

most  oiTensive  odor  T  re 

&ction  of  a  dead  hum        od     w  is  m 

offensive  in  nature.     P  ants  tarn  m 

tity,   aa  the  cabbage  mush  oom  m  S 

staacea  containing  n      g        Iso  S  pec  od 

burned ;  as  for  exam  m 

This  odor  may  be  rcg  as         m  te  rese 

gen.- 

Nitrc^n  conaCitu  al       m  m        aJ 

and  potent  mei^icine  m  rp  Iso  moo 

dangoroua  poisons,  a   prua.     ac  ry      la. 

A  suspicion  has  xiated  rog  co  bo 

One  circumstance  whi        aa   cd  to  m  aa     -^    ta 

tricity.  Most  of  the  liinary  compounds  yield  up  thoir  elements  in  obedience 
to  the  direction  of  this  force,  but  electricity  determines  no  liberation  of  nitro- 
gen from  any  of  ita  combinations.  All  attempts,  however,  to  decompose  it 
liave  faUed,  and  ita  position  among  the  elementa  muat  therefore  remain  undia- 

*  Iodide  ot  DltTogen,  prep&rod  bb  nborc,  is  not  ll&bia  to  ciptode  vhtle  moist,  uid  tit 


Df  tbo  clemcnttry  dtunci 
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THE    ATMOSPIIEIIE. 

329.  n  i  g  1 0  r  y .— The  air  waa  formorly  supposed  W  be  an  element,  but 
was  not  altogether  regarded  in  tiie  light  of  a  material  subalanco.  The  poai- 
tioD  which  it  held  in  tlio  old  syatcms  of  philosophy  waa  similar  to  that  as- 
signed to  hght,  heat,  and  electricity  in  Bomo  systems  of  the  present  day — a 
Uuid  substance  without  weight,  foi  m,  color,  or,  in  short,  any  of  tho  ordjnaij 
attributes  of  matter. 

It  waa  not  until  1673  tiiat  it  waa  eyen  suapectod  that  lurs,  other  than  at- 
mospheric ah',  might  have  an  osistance.  About  Uiat  time  Robert  Boyle,  an 
Euglish  chemist,  maintained  "that  aomo  solid  bodies  do,  in  certain  tarcum- 
stances,  as  wben  heated,  throw  off  artitlcial  aiis  reaembhng  atmospheric  air 
ill  tliinnesa  and  oiastiolty,  as  well  aa  in  dryness  and  permanency,  but  differing 
from  it  he  could  not  well  tell  liow." 

In  the  beginning  of  tlia  17th  century  Iho  workmen  in  certain  Qermaii 
mines  were  molested  {as  minora  still  are)  by  certain  ageneies,  some  cif  which 
were  liable  to  suiBxtate  them  silently  but  summarily  (carfaonio  acid),  whilo 
otliors  burned,  or  exploding,  blew  them  into  fragmonta,  (Bre^lanip,  carlturetted 
hydrogen).  Von  Ilelmout,  the  old  iJcliemist,  explained  tbeae  phenomena  by 
referring  them  to  the  agfeney  of  spirits,  the  guardians  of  the  mineral  treaa- 
urea,  whom  ho  called  g&isle  ^osts).  Prom  tliia  originated  Ihe  English  word 
gas,  which  is  still  employed  to  dasignato  aerifbrm  aabstances. 

Torricelli,  a  pupil  of  Gahloo,  first  proved,  in  1643,  that  atmospheric  air  pos- 
Bosaed  weight ;  and  one  hundred  and  fourteen  years  afterward,  or  in  1767, 
Joseph  Black,  a  Scotch  chemist  of  Edinburgh,  ilrst  dLscovercd  and  collected 
jn  a  separate  state  a  gas  other  than  atmospheric  air.  He  ascertained  that 
limestone  (chalk,  marble,  or  oystflr-sheUs)  when  burned  in  a  kiln,  or 
heated  with  a  strong  acid,  parts  with  a  kind  of  air  in  which  no  animal  can 
breath  and  live.  This  gas  (which  we  now  call  carbonic  acid)  Black  termed 
fixed  air,  because  it  waa  imprisoned  in  the  rock  until  tlio  furnaxra ,  or  the  aciil 
extricated  it  from  its  fixture. 

This  discoYcry  was  one  of  Ihe  greatest  that  has  ever  been  made  in  chem- 
t*y,  shico  it  for  tJie  first  time  dearly  praued  that  there  may  exist  different 
kinds  of  airy  matter  (just  aa  there  are  different  kinds  of  sohd  and  liquid  sub- 
stances), differing  as  much  from  the  gaa  of  tho  atmosphere  as  oil  or  sulphurio 
acid  differ  fh>m  water,  or  aa  slate  or  marble  fi^m  sandstone. 

Shortly  after  this  discovery  by  Black,  Dr.  Priestley  devised  the  pneumatic 
trough  (onco  known  as  the  Priestleyan  trough)  and  by  so  doing-  rendered  easy 
the  collection  and  handling  of  gaaeoua  substances.  He  also  discovered  and 
isolated  nine  different  gases,  and  among  them  oKygeo.  Scheele,  working  in 
an  obscure  Swedish  t«wn,  with  no  other  apparatus  but  phials  and  bladders, 
about  the  same  time  added  two  or  three  more  to  the  list 


rntegvBeB  first  BUBp«cted  ?  Wbat  was  the  origin  of  tho  l^rm  "gaa?"  Who  firat  demon- 
Pirated  the  velght  of  nlr  ?  Who  first  collected  luid  recc^oized  a  Beparatfl  gnu  f  Whal 
was  Ihe  nitotc  of  Black's  diBcoreryf  What  is  Bidd  of  tho  iaiportance  of  this  diBeovcrj  1 
VTIiat  diKorories  Bucoiedcd  that  made  b;  Blact ! 
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same  kind  then  took  place  in  rapid  succesaion  all  over  Europo.  Cavendish 
fuUowed  with  hydrogen,  Rutherford  with  nitrotfon,  while  Lavoisier  overUirow 
the  great  old  doutrine  of  the  elementary  nature  of  air,  by  provii^  that  it  ixin- 
Bistod  of  two  gasoa  mingled  in  unequal  proportioua.* 

Within  a  comparatively  recent  period  it  bus  been  admitted  aa  a  fundamental 
prindple  in  physical  adence,  that  ■'gases  are  merely  the  Eteatns  of  liquida 
which  boil  at  imraenacly  low  points  of  temperature,  tliese  Kqnids  bemg  the 
Kque&ctiona  of  solid  bodies  wliicli  melt  at  tenipcraturea  lower  atill,  and  that 
tlierefore  there  may  be  no  end  to  the  number  of  the  kinda  of  gaseous  mat- 
ter, precisely  as  tbero  is  no  known  limit  to  the  vast  variety  of  liquids  and 

330.  Atmosplieric  Air  consista  essentially  of  nitrogen 
and  oxygen  mixed  together  in  the  proportion  of  four  fifths 
by  volmoc  of  the  former  to  one  fifth  of  the  latter. 

More  correctly,  the  composition  of  air  which  has  been  freed  from  the  pres- 
ence of  all  fbrfiigQ  ingredients  may  bo  repreaented  by  measure  and  wc^ht  as 
fijllowH ; — 

By  vclRht.         Sf  mensiire. 

nitrogen 10-90  'ii)-IO 

Oxygen 23'10  J*^'^". 

lOUOO  looou' 

In  addition  to  oxygen  and  nitrogen,  Ihe  atmosphere  always  contains  small 
and  variable  proportions  of  carbonic  add  gas  anil  aqueous  vapor;  and  very 
often,  rainuto  quantities  of  ammonia,  nitric  add,  the  aroma  of  flowera,  and  va- 
rious otlier  oiganic  and  inorganic  products ; — in  short,  as  the  sea  contains 
traces  of  fdmost  every  tiling  that  is  Bolublo,  so  the  au'  contama  traces  of  almost 
every  Uiing  that  is  volatile. 

The  oxygen  and  nitrogen  existing  in  the  air  are  merely  intermingled,  and 
not  chemically  combined  with  each  other;  but  their  relative  proportions 
never  vary.  This  has  been  proved  by  tlio  analysis  of  ah"  collected  upon  the 
summit  of  Mount  Blano.  and  ui>ou  the  Andes ,  at  an  ticvation  of  21,000  fuct 
by  Guy  Luasac  in  a  balloon  ;  over  marshes ,  m  hospitals ,  over  deserts ;  and 
at  the  bottom  of  the  deepest  mines. 

The  quantity  of  carbonic  acid,  on  tlio  contrary,  being  muth  iufluenceil  by 
local  causes,  varies  considerably.  Ttie  aierage  quantity  la  49  volumes  in 
10,000  of  air,  but  is  observed  to  vary  from  0  2  as  a  maximum  to  3.7  as  a 
minimum  in  10,000  volumes.     Ita  proporlion  near  the  surface  of  the  earth  is 

•  Tha  oiperiment  6;  wHoh  Lavoisier  arrlred  at  Ihis  rpauU  is  dcaerlbed  under  tlia 


lirf    Arc  the  proportioua  of  thnse  two  piscB  TMinhln?    Whatlsthe  projiorUira  of  c 
bonis  R^  in  the  air  f    Under  wlial  clrcuBistaocuB  docs  it  vary? 
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greator  io  Eummer  than  in  winter,  and  during  night  tlian  during  day.  It  13 
also  rather  mtiro  abundant  in  elevated  aicuationa,  as  on  tlio  EUminits  of  high 
mountaioa,  tlian  in  plains ;  thia  is  probably  owing  to  an  absorption  of  the  gas 
near  the  aurfhce  of  the  earth  by  plana  and  moist  surlhoea.  An  enormous 
quantity  of  carbonic  acid  gaa  is  discharge  J  ftom  the  elevated  cones  of  the  vol- 
canoes of  America,  which  may  partially  account  for  the  high  proportion  of 
tills  gas  in  Uia  upper  regions  of  the  gtinospbcrc.  Tha  gas  omitted  from  tlie 
volcanoes  of  the  Old  World  ia  said  to  bo  principally  nitrogen. 

The  quantity  of  watery  vapor  contained  in  the  air  varies  with  the  temper- 
ature {§  141,  page  (12).  It  solJom  fornis  more  than  l-GOth  or  less  than 
l-200tli  of  the  bulk  of  the  air. 

NotwiUistanding  the  difference  in  density  between  each  of  the  principal 
constituents  of  the  atmosphere — nitn^Bn,  oiygen,  carlxinic  acid,  and  the 
vapor  of  water — and  notwitlistanding,  also,  the  absence  of  any  chemical 
union  between  them,  they  are  always,  through  the  action  of  the  law  of  tbo 
dilFuaon  of  gases  (§  Bl,  page  30),  fimnd  uniformly  mingled  t^tber,  Tbo 
operations,  also,  of  combustion,  respiration,  T^etation,  and  tho  like,  continu- 
ally going  on  upon  the  earth's  surlace,  remove  great  quantities  of  oxygen 
from  the  air,  and  substitute  a  variety  of  other  gases,  tho  principal  of  whieli  ia 
carbonic  acid ;  yet  so  beautifully  adjusted  la  the  balance  of  chemical  action 
in  nature,  that  no  porcoptiblo  change  in  the  composition  of  the  atmosphere 
has  been  observed  since  accurate  ejcpcriment  on  the  sul^iject  was  first  com- 
menced. 

Ammonia  seems  to  be  nn  almost  constant  constituent  of  the  atmosphere  in 
exceedingly  mlnuto  quantity.  Recent  most-carcfully  conducted  experimcnta 
by  M.  Ville  of  ^France,  fix  the  averi^  quantity  as  1  volume  in  28,000,000  of 
air.     Other  experimenters  have  deduced  a  much  greater  result. 

Nitric  acid  may  be  usually  dotocled  in  the  rain-water  obtained  during  a 
thunder-shower.  It  is  supposed  to  bo  formed  by  the  union  of  the  oxygen, 
nitrogen,  and  aqueous  vapor  of  tho  air,  Uirough  the  agency  of  olectriraty. 

Oi^anic  matter  of  some  kind  is  almost  always  present  in  tho  atmosphere ; 
bat  it  not  unfrequently  happens  that  oheraioal  tests  fiiil  to  detect  iti  when  the 
sense  of  smell  and  a  peculiar  effect  upon  tho  human  constitution  ^ve  abun- 
dant evidence  of  its  prcecneo.  Thia  ia  especially  true  of  tlie  odoriferous  mat- 
ters of  flowera,  and  the  mia.smata  of  marshes.  Dew  collected  over  rico-Qelda 
oitfin  contains  so  much  decomposing  organic  matter,  as  to  become  putrid  ailer 
standing  for  a  short  time.  E.xposnro  to  tho  night  air  of  these  localities  in  the 
hot  season,  invariably  produces  in  the  Caucasian  race,  malignant  and  almost 
incurable  fevers. 

The  principal  office  which  nitrogen  appears  to  sustain  in  the  atmoaphero, 
is  tliat  of  a  diluent  of  the  osygen.  If  the  quantity  of  oxj^n  in  tho  air  was 
increased  much  beyond  its  present  proportion,  tlie  inflammability  of  moat  sub- 

Wliat  of  nitric  aiM  f  What  of  orgaalc  mntlar !  What  DiBca  dooa  Qltiogea  appeu  tu 
luBtain  In  Ibe  atmosphere? 
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BtincpB  would,  be  Breatly  augmented;       ci    li 
calloil  into  such  rapid  action  aa  to  soon      h 
Nitrogen  being  the  most  indiiierent  of  all 
poisonous  qualities,  dUulca  the  too  acti  j 

upon  the  systt 


t         of  life  would  be 

pow  re  of  the  ajslem. 

1^       li  wanting  in  any 

d  prolongs  its  action 

Bjiil  duninishes  the  al  ini- 


ulattng  action  of  spirituous  liquors.  Itocont  n^Garches  have  also  rendered  it 
probable  that  the  nitrogen  of  the  air  discharges  an  important  office  in  respir- 
ation, by  preserving  the  volume  and  tension  of  tho  cells  and  oxireme  tubes 
of  the  lungs. — Paop.  Modltrie. 

Oxygen  ia  Btrikingly  mi^^netic;  nitrogen  is  singularly  tho  reverse;  anil 
the  atmosphoro,  a  mixture  of  both,  is  nearly  neutral  as  roapec'ts  magnetism  in 
all  its  relations  to  ms,tler. 

Another  illustration  of  tho  adaptation  of  nitrogen  to  its  atmospheric  func- 
tions U  to  be  found  in  its  apecilic  gravity,  or  density,  wliieh  is  nearly  the 
same  as  tliat  of  its  a.=aociated  osygcn.  Had  thcro  been  any  great  dilferenee 
in  this  respect,  the  l«ndoacy  of  tlio  two  gaaea  would  have  been  toward  sep- 
aration, and  this,  notwithstanding  tho  Influence  of  tho  law  of  diffu»on. 
Again,  as  tho  atmospliere  is  now  constituted,  tliero  exists  a  permanency  of 
the  pitch  of  sound :  any  tone  being  once  generated,  remains  tlie  same  tone 
until  it  diee  away.  Its  degree  of  loudness  oltere  in  proportion  (o  the  distance 
of  the  listener  ftom  tho  place  where  it  originated,  but  ila  pitch — never.  If 
the  flpcciflc  gravity  of  oiygen  and  nitrogen  had,  however,  been  vridely  dis- 
similar, there  would  have  been  a  diHerenco.  No  permanency  of  tone  could 
then  have  been  depended  on,  and  the  pitch  of  every  original  noto  would  havo 
varied  continually.  "  All  the  studied  ar- 
rangement o{  deflned  notes,  which  constitutes 
the  art  of  music,  would  have  been  lost  to  us 
forever,  had  we  been  enveloped  in  such  an 
ntmoapherc."  Those  facts  may  be  illustrated 
by  striking  a  sonorous  body  in  a  receiver 
COntaning  air,  and  aflonvard  in  one  contain- 
ii^  hydrogen,  which  is  much  lighter  than 
au-.  (See  Fig.  107.)  The  experiment  may  bo 
varied  by  causing  a  tuning-fork  in  tlie  key 
C  to  vibrate  over  a  small  glass  jar,  whicl:, 
when  made  to  resound,  emits  tho  same  note, 
and  ia  therefore  in  union  with  tho  forls.  If 
tlie  jar  be  now  filled  with  hydrogen,  end 
inverted,  to  prevent  the  escape  of  gas,  and 
the  Ibrk  be  again  caused  to  vibrate  opposilo 
its  mouth,  the  unison  is  destroyed,  and  tho 
sound  is  no  longer  responsive  to  the  note  C. 


Fig.  lOT. 
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Fig.  108. 


331.  Analysis  of  Air.--Tl:o  proportions  of  oxygen  and  nilrogen  ii 
the  atmoBpharo  are  determined  by  wiiiidrawiiig  the  oxygtia  from  a  m 
portion  of  perfectly  dry  air,  through  the  agency  of  va- 
rious substances  which  absorb  iL  (See  §  32B,  page  220.) 
A  stick  of  phosphorus  incroduced  into  a  known  measure 
of  air  ia  a  graduated  tube,  Ihc  open  end  of  which  is  be- 
neath the  surface  of  water  (see  Fig.  108),  effects  a  com- 
plete abaorptioa  of  the  osygen  in  about  24  hours. 
Tlie  water  risioij  in  the  tube  indicates  a  diminution  of 
one  fifUi  in  the  volume  of  llie  ^r — or  what  is  the  samo 
Uiing,  a  withdrawal  of  (kim  30  to  21  per  cent  of  oxygen. 

Tlie  carbonic  add,  aqueoos  vapor,  ammonia;  and  Uie 
oooasionsd  constituente  of  tlie  atmosphere,  are  deter- 
mined by  passing  a  measured  quantity  of  air  throagli 
receptacles  containing  materials  which  absorb  and  retain 

The  arrangement  by  whicli  this  can  bo  best  effected  is 
called  an  Aspirator  It  con'Jists  simply  ot  a  tight  cask  (  f 
a,  known  i-ip  icitj ,  Qllert  w  ith  n  &U.F  nod  provided  at 

■p,,.   jgg  tl  o  base  with  a  itop-cock 

)  top  of  the  cobk   a 

other  v-s>fl=  ate  Stl*.d  as 
IS  repicsentv.>d  in  Fig  109 
ono  fiUed,  tor  example  with 
pumice  stone  drenched  with 
strong  sulphuric  acid  and 
another  with  caustic  potash 
"When  the  cock  of  tho  vessel  13  opened  and  the  water  allowed  to  Son  out,  its 
place  13  Euppl  ed  \n  an  equal  v  olumo  of  air  which  flows  m  through  the 
tubes  The  sulphuric  acid  ab^iba  all  the  moisture  contained  m  the  air 
nhich  flows  over  it,  and  the  pota..h  all  the  carbonic  acid  The  quantity 
of  air  that  passes  throt^h  the  tubes  is  known  by  the  quantity  of  water 
thtt  flows  out  of  the  cask  while  the  mcreased  weight  of  the  separate 
tubes  giv<:  s  the  totil  amount  of  moisture  an i  larb  mc  acid  lontuncd  in  such 
quantity. 

332.  Componnds  of  Jfilrogen  and  Oxygen.— Nitrogen 
unites  with  oxygen  to  form  five  distinct  comjioundi;,  con- 
taining, respectively,  1,  2,  3,  4,  and  5  eq^uivalents  of  oxy- 
gen, with  1  of  nitrogen. 

Their  names  and  chemical  constituOon  are  thus  expressed : 


iTfllfirmiaed  J    Wbal  ia  an  aaplrat 
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ProMiyd of nltmgen (nltrona 0173) NO  '  Hiiitrogein-  SoiyBen. 

Deuloiyd  of  nitrogen  (nUHcoijfd) NOi  U       ■•       +lfl       " 

XilroPKacid NO3  H       "       +24 

Ilypoultrlc  acid  iperoiTil  Qt  rltrogcn) . . NO4  H       •'       +32       " 

Nilrioacid NOi  14       "       +40       " 

Tiirae  of  these  compounds  aro  acids;  and  all  of  them  aro  endowed  with 
qualitioa  bo  marked,  so  powerful,  and  so  well  defined,  that  the  origiaal  altii- 
butea  of  their  elements  are  entirely  lost. 

333.  Nitric  Aeid,  Nflc — Nitric  acid  is  t!ie  most  import- 
ant of  all  the  cumbinations  of  nitrogen  sind  oxygen,  and  is 
the  source  from  whence  most  of  the  compounds  of  nitrogen 
are  generally  ohtained. 

334.  History. — It  was  known  to  tlia  alchomista,  but  ita  true  comporftion 
waa  first  determined  by  Cavendish  in  1785.  The  name  formerly  applied  to  it, 
and  whieh  La  stiU  used  to  some  extent,  was  aqvafoHia. 

335.  Dialribution . — Nitric  add  occurs  in  nature  usually  in  combina- 
tion with  potash,  soda,  or  Jime  in  the  soil,  especially  in  tropical  countries,  »3 
in  some  parts  oS  India  and  Pera  The  compound  formed  with  potash  consti- 
tutes the  nitre  or  saltpeter  of  commerce.  In  the  desert  of  Atacama,  in  Chili 
and  Pero,  it  exists  in  vast  quantities  combined  with  soda,  formmg  nitrate  of 
Boda,  which  salt  is  also  called  "  Cliilian  saltpetre,"  or  cubic  niter.  Nitiic  acid, 
vB  already  slated,  also  exists  occasionally  ia  tlio  atmosphere,  espeeialiy  during 
and  alter  the  occurrence  of  thunder-stomia. 

336.  Frcparatlon . — When  nitrogen  is  mixed  with  twelve  or  rouricen 
times  its  bulk  of  hydrogen,  and  a  jot  of  tho  mixed  gas  is  allowed  to  bum  in 
air,  or  in  oiygen,  the  water  formed  has  a  sour  fcislo  and  au  acid  reaction  from 
tlio  formation  oi  a  small  quantity  of  nitric  aciij.  la  tliis  case  Uie  nitn^n 
burns  by  reason  of  the  great  heat  developed  during  tho  combustion  of  the  hy- 
drogen, and  the  nitric  acid  combines  at  once  with  the  water  Ibrmed,  which 
lost  substance,  in  some  way  by  ita  presence,  aids  tl>0  operation.  It  was  from 
noticing  the  oddity  of  water  formed  by  the  combusljon  of  hydn^n  in  air, 
ttrat  Cavendish  waa  led  to  institute  an  investigation  which  terminated  in  the 
discovery  of  nitrio  add.  He  mixed  together  tlie  two  gases,  oxygen  and  ni- 
trogen, in  a  close  tube,  over  a  soluljon  of  potash,  and  then  caused  them  slowly 
to  combine  by  paasmg  a  series  of  electric  sparks  through  the  mixture  for  sev- 
eral succeefdve  days.  At  the  condusion  of  tlie  experiment,  tho  glass  contained 
ni&ate  of  potash  (saltpeter),  A  amilar  result  will  be  produced  if  a  number 
of  sparks  be  passed  from  an  electrical  machine,  through  air  between  two 
metallic  points^  over  moistened  litmna  paper :  a  red  spot  will  be  produced 
upon  the  paper,  owing  to  the  formation  of  nitric  acid  in  minute  quantity  by 
the  combination  of  oxygen  witli  nitrogen. 

QoESTioB*.— OivB  tlifl  BQrica.  What  ia  enid  of  nitric  nrtrt'  What  of  Its  hlstoryT 
WhaCof  its  dlBlrlbtiUon  In  nature!    Uov  may  nitrio  sdil  be  fonued  t    Whxt  circuiu- 
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trie  acid  ia  oliiTaya  obtninod  b7  1icat[ng  ono  of 
:  adit  with  potost  or  soda  in  a  lelott,  witli  an 
ic  acid.  Tho  nitric  acid  is  displaced  by  the 
bt-'ing  much  more  volatllo  tlian  the  iSiilphuric 


For  ft!l  practical  pvippoaes,  n 
(ho  natural  compounda  of  nitrl 
equal  weight  of  strong  sulphn 
sulphuric  add,  and  distils  over 
acid. 

Tills  process  maybe  cosily 
illustrated  oxpenmenlitly 
bj  introduoing  into  a  glass 
retort,  Fig  110  pqual 
we^hta  of  powdered  silt 
peter  and  strong  sulphunu 
acid.  The  retort  should  be 
supported  upon  a  thin  larcr 
of  sand  contained  m  a  tin 
or  sheet-iron  lossd  (tech 
nically  termed  t  sand  bith), 

and  the  heat  supplied  by  an  ordinary  alcohol-lamp ;  a  flask  cooled  by  a  wot 
cloth,  or  placed  in  a  vessel  of  cold  water,  is  adapted  to  tho  retort,  and  serves 
Bs  a  receiver.  During  the  distillation  red  ftimea  appear  in  the  retort,  arising 
tVom  a  partial  decomposition  of  the  nitric  acid  formed,  and  a  production  of 
some  of  the  lower  oxyda  of  nitrogen.* 

On  a  lalT^  scale,  iron  retorts  coated  on  tho  inside  with  fire-clay  are  em- 
ployed. Tlio  ctiomical  reaction  involved  in  tliis  process  may  bo  roprosonluil 
as  follows : 

KO,  NOj-f-SOs— KO,  S03-f-N0j 

Or  sulphuric  add  and  nitrate  of  potash  pve  nitric  iiil  anl  sil[.H[i.  of 
pota^i. 

331.  PropcrtioD. — N'itric  add,  when  pure  and  n  a  concentnttd  Etato, 
is  a  colorless,  limpid,  Aiming  liquid,  powerfully  corrosive  and  intensily  add. 
As  found  in  eommoroo,  it  is  never  pure,  and  is  of  a  golden  yellow  color  It 
is  the  higlieat  oxyd  of  nitrogen  known  to  exist,  and  has  a  speoifio  gravity 
of  1'52  (water  ^  1).  Anliydrona  nitrio  add,  or  nitric  acid  without  water 
combined  with  it,  can  bo  prepared  by  a  most  carofiitly  conducted  chemical 
process ;  but  under  all  ordinary  drcumstances  it  contains  a  csrtain  proportion 
of  water ;  its  constitution  being  represented  by  tho  ibrmula  NOi,  HO.  In  the 
moat  concentrated  stato  in  wtiich  it  can  bo  used,  it  eonsisla  of  51  parla  real 
add  and  S)  of  water. 

Nitrio  add  is  reiy  readily  decomposed,  and  mere  distillation  causes  a  par- 
Exposure  to  light  pro<luces  a  similar  result,  osygen  and 


:a  partially 
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some  of  tho  lower  oxygon  comp^unda  of  nitrc^n,  wliich  produce  discolora- 
tion, being  evolved — sometimea  in  quantity  sufBcient  lo  expel  the  stopper  of 
a  botUe.  In  its  concentrated  form  it  bsgina  to  boil  at  184o  P.,  and  freezes 
at  about  —  iO°  T. 

338.  Chemical  Aotion  of  Nitric  Ac  id.— Nitric  acid  U  one  of 
the  very  strongest  aoids,  and  ranks  nest  to  sulphuric  acid.  It  attacks  most 
iuorgsnio  substances,  ami  all  living  tissues.  It  turns  wool,  fisathers,  the  skin, 
and  all  animal  mattera  containing  albumen,  a  bright  yellow  color  ;  the  orange 
patterns  upon  woolen  table-cloths  are  produced  by  means  of  it.  In  modioino 
it  is  not  unfrequently  used  aa  a  powerful  cauterizing  agent. 

The  effect  of  coucentraled  nitric  acid  upon  animal  tissues  may  be  iUus- 
trated  by  applying  a  drop  to  a  piece  of  parchment,  which  immediately  be- 
comes stained  and  shrivelled.* 

The  acHon  of  nitric  acid  on  vegetable  colors  may  also  bo  iUustraled  by  tho 
following  experiment : — Color  some  water  blue  in  a  test  tube  with  a  solution 
of  indigo,  and  add  to  it  on  boiling,  a  drop  of  nitric  acid ;  the  blue  color  will 
almost  immediately  disappear.! 

Nitric  acid,  when  in  its  state  of  higliest  concentration,  exerts  no  violent 
action  upon  cerlain  organic  substances,  such  aa  woody  fibers,  starch,  etc.,  but 
onilea  with  them  to  form  most  suigular  compounds.  Cotton  libers  immersed 
in  it  for  a  few  moments  and  then  carefully  washed  in  water,  are  converted 
into  a  violently  explosive  substance.     (See  gun-cotton.) 

Commercial  nitric  acid  will  tximplctely  dissolve,  in  the  cold  and  without 
odor,  a  little  lesa  than  its  own  weight  of  flesh  and  bone  (beef),  171  a  space  of 
t;mo  varying  from  three  lo  five  hours.  The  action  of  nitric  acid,  however, 
upon  organic  substances  and  the  metals  is  exceedingly  diObrent  at  different 
degrees  of  concentration. 

Nitric  acid  very  readily  paris  with  a  portioi 
and  to  combustible  bodies,  and  is  therefore  oni 
use  oC  in  chemistry  Gir  causing  such  substancos  to  assume,  or  pass  into  a  state 
of  oxydation. 

If  nitric  add  be  dropped  upon  hot  finely  powdered  charcoal,  the  charcoal 
bums  vividly ;  if  mixed  witli  a  little  oil  of  vitriol,  and  poured  upon  oil  of  tur- 
pentine, it  occaaions  an  explosive  combustion.     Phosphorus  is  readily  ignited 

ence  of  a  atimiiliig.  by  touching  irith  »  glass  Ti>d  dipped  in  nitric  uid,  the  lieirt  of  t  living 

FlEADlT. 

acid.    After  a  tvw  days  add  water,  and  a  deep  blue  liquid,  solution  of  Indigo,  ii  Dblalacd. 

QDEsnosfl. — What  are  its  IVeeziDit  and  boiling  points?    Wlint  is  said  of  its  chemical 

Ita  action  upon  vegetabla  colors?  Uoir  upoa  vegetibla  fibersl  Howia  nitric  add  «bla 
to  producs  oxidation  F 
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by  Ihfowlns  it  upon  strong  nitric  acid.  Tiiia  esporimont  is  a  somewhat  haa- 
ardous  one,  and  particlea  of  phoaphopus  scarcely  larger  than  the  head  of  a  pin 
should  alone  bo  employed. 

339.  The  Iclion  oflTitric  Acid  upon  theMetalsisin- 
Etructire,  and  serves  to  illustrato  the  manner  in  which  metallic  bodies  com- 
bine with  the  adds  generslly.  Ttie  metals  will  enter  into  direct  combination 
with  many  of  tho  simple  non-metallic  bodies.  Tlius  antimony  will  unite  with 
chlorine,  iron  witll  ox^en,  and  copper  with  Bulphor ;  but  no  metal  will  unite 
directly  with  an  ncid.  In  order  that  combination  between  them  ahould  oc- 
cur, it  ia  necessary  that  the  metal  should  be  in  tlie  form  of  an  oxyd  Th  a 
oxydation  may,  however,  be  efTected  at  the  same  time  that  the  acid  is  pro 
Kcntcd  to  the  metal,  and  the  formation  of  the  oxyd  and  its  solution  in  the 
add  may  appear  to  occur  simultaneously.  Zinc,  for  example,  does  not  uiaUi 
as  zinc  witli  sulphuric  acid ;  but  when  this  metal  is  placed  in  dUule  sulphuno 
acid,  the  oxygen  ia  aupphed  from  tho  water  contained  in  il,  which  is  do 
composed ; — oxyd  of  zinc  is  produtcd  and  ia  immediately  dissohed  hv  tho 
acid,  whilst  the  hydrogen  escapes  in  the  gaseous  form.  When  a  metil 
such  as  copper  or  silver,  is  dissolved  by  nitric  aoid,  a  prehminary  osydation 
is  equally  necessary ;  but  owii^  l»  the  tacility  with  whidi  nitric  atid  is  de- 
composed, this  oxj-d.itioa  is  usually  effected  by  depriving  tho  acid  of  a,  por- 
tion of  its  oxygen,  it  beii^  more  readily  decomposed  than  water.  "WTieo  tliis 
takes  place,  a  part  of  tlie  products  of  the  decomposition  of  the  acid  escapes 
into  the  air  in  the  form  of  deep  red  fumes  (see  hyponitric  add),  while  tlio 
compound  of  the  metal  with  oxygen  dissolves  in  another  portion  of  the  acid 
which  has  not  andei^one  decomposition.  It  is  through  this  peculiar  action 
of  nitric  acid  that  it  is  rendered  a  most  ready  and  powerful  solvent  of  most 
of  the  metals. — MtLLBa, 

3-10.  Salts  of  Milric  i  c  i  d  ^Thc  salla  formed  by  the  union  of 
nitric  add  with  the  bases  are  termed  niiraies,  and  are  especially  remarkable 
fjr  tho  ciroumstanco  that  they  are  soluble  in  water.  When  the  nitrates  are 
projected  upon  glowing  coals  they  are  decomposed  ;  and  by  reason  of  the  os- 
cape  of  oxygen,  they  deflagrate,  or  bum  (briously  with  scintillations.  If  dis- 
solved, in  water,  and  paper  be  moistened  with  the  solution,  allowed  to  diy, 
and  then  burned,  the  peculiar  combustion  characteristic  of  touch-paper  will 
be  produced.     Tiiis  property  ia,  however,  exhibited  by  tiie  salts  of  some  other 

Nitric  add  is  a  substance  much  used  in  the  ialroralory,  and  ia  many  of  tho 
opcrationa  of  practical  arL 

341.  Protoxyd  of  Mitrosen,  S  0  l—Mtrmis  Oxyd  ;—I!xAitaratinj 
Gas. — This  gas  was  discovered  by  Priestley  in  1116,  but  its  properties  re- 
nained  unknown  until  investigated  by  Davy,  in  1808.  Since  this  period,  a 
considerable  degree  of  popular  attention  has  always  been  bestowed  upon  it, 

tiiiealBblQ^  peculi&HtioB !    When  &a&  by  whook  van  pmloijd  of  ullTDBen  discovered  i 
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in  eonsequonco  of  tlio  remarkaMo  effects  which  it  produces  upon  the  animal 
Bjflteni,  wlien  taiicn  into  the  lungs. 

342.  Prep  ma  tlou. — Pmloxydof  nitrogen  ia  preparod  by  heating  the 
.i^_   , , ,  salt  known  as  nitrate  of  ammonia  in  a 

glass  flask,  furnished  with  a  perforated 
cork  and  a  beat  glass  tube,  over  a  spirit 
lamp.*    (See  Kg.  111.) 

Upon  the  application  of  a  moderate  tem- 
peratuie,  the  salt  melts,  and  at  about  400° 
F,  apparently  begins  io  boil ;  it  is,  how- 
ever, in  reality  undergoing  a  process  of  do- 
compoaitiOD,  by  which  it  is  entirely  re- 
solved into  gaseous  protosyd  of  nitrogen 
and  steam  (water).  The  Icnipcrature  must 
be  very  earefially  watclied,  and  rot  allowed 
to  riEie  so  high  as  to  occasion  white  yapora 
in  the  tlask,  as,  in  sucli  case,  some  injurious 
products  may  bo  tbrraod.  The  gas  should 
ceiver  filled  wiih  water  of  a  temperature  of 
considenbie  quantities  of  it  It  is  also  ad- 
remain  for  a  httle  tune  uvu  niter  bcforo  attempt- 


be  collected  in  a  gasometer,  oi 
about  90 ;  cold  water  absorb! 
VLsable  to  allow  the 
ing  to  respire  ii 

The  reaction  whic 
may  be  esplained  at 
drc^en.     When  the 


li  takes  pkcB  in  tie  production  of  proto^yd  of  nitrogen 
I  follows ;  Ammouia  is  a  compound  of  nitrogen  with  hy- 
uitrate  of  ammonia  is  heatLd,  the  hydrogen  of  the  am- 
monia combines  with  a  part  of  the  oxygi  a  of  the  nitric  acid  to  form  water, 
whilst  the  mtrogonof  the  ammonia  at  tho  same  time  becomes  oxydizod  at  the 
expense  of  another  part  of  the  oxygen  of  Hie  nitric  acid.  The  result  is,  that 
the  whole  of  the  nitrogen,  both  of  tho  nitric  acid  and  of  tho  ammonia,  is  hb- 
erated  in  (he  form  of  protoxyd  of  nitrogen,  thus: 


Nils,  KOi,  no  bec^CH  2  NO  +  4  IIO 

An  ounce  of  nitrate  of  ammonia  will  lliniish  about  500  cubic  inches  of  llila 
gas. 

343.  Properties . — Protoxyd  of  nitrogen  Is  a  transparent,  eoiorleas 
gas,  with  a  sweetish  smetl  and  taste.  It  is  a  heavy  gas,  its  specific  gravity 
beieg  1-52,  or  nearly  tho  same  as  that  of  carbonic  acid.  It  supports  the  com- 
bustion of  many  bodies  wilii  nearly  tho  same  energy  and  brilhancy  as  puro 
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oiygon ;  and  when  misod  with  an  equal  bu!k  of  hjdrogen,  Torms  an  explosivo 
mixture.  It  ia,  however,  easily  distinguished  from  oxygen  by  its  ready  solu- 
bility ia  coia  water,  wliicli  disaolves  nearly  its  own  Toluao  of  the  protoxyd 
of  nitrogen. 

Under  a  preraure  of  50  atmospheres  at  45°  F,,  it  is  reducible  to  »  elear 
liquid,  which,  at  a  temperature  of  about  150  degrees  below  zero,  freezes  inlo 
a  beaudful  transpareat  crystatliao  solid.  By  mixing  the  liquid  protoxyd  wilh 
another  very  volatile  substance,  tlio  bisulphide  of  carbon,  and  allowing  tho 
mixture  to  ovaporato  in  yaocuo,  M.  Nalterer,  a  few  years  anee,  obtained  a 
reduction  of  temperature  wliich  he  G£timated  at  220  degrees  below  zero ; — a 
lower  point  than  has  been  hitherto  attiuned  to  by  any  other  process. 

Protoxyd  of  nitrogen,  if  quits  pure,  or  merely  mixed  vritli  atmospheric  air, 
may  be  respired  for  a  Ibw  minutes  without  inconreiiienco  or  danger.  It  (hen 
produces  a  singular  apeeies  of  transient  intoxication,  "  attended  in  many  in- 
stances with  an  irre^stible  propenaty  to  muscular  exertion,  and  often  to  un- 
controllable laughter ;  hence  tho  gas  has  acquired  the  popular  name  of  exhil- 
arating or  laughing-gas.  Diffun^nt  individuals  are  affected  in  different  degrees 
and  in  various  ways,  according  to  the  temperament  of  each.  In  pletliorio 
persons,  where  there  is  any  tendency  to  over-active  circulation  through  tlio 
brain,  the  experiment  is  not  a  safo  one.  The  intoxicating  offecla  pass  off  in 
a  few  minutes,  and  frequently  no  recollection  of  what  has  passed  is  retained, 
and  no  lassitude  is  poroeivod  after  the  extreme  exertion." — Miller.  Tho  gas 
stiould  be  inhaled  from  a  lai^e  bladder  or  gas-bag,  through  a  tube  of  an  iooli 
inlernal  diameter. 

An  animal  entirely  immersed  in  tliis  gas  soon  dies  from  the  prolonged  ef- 
fects of  the  intoxication. 

Tho  idea  that  anioslhesis,  or  insensibility  to  pain  during  surgical  operations, 
might  bo  occasioned  by  the  inhalation  of  gases,  appears  to  have  been  Urst  en- 
tort^ned  by  Br.  Horace  Wells,  of  Hartford,  Conn.,  ftom  observing  the  action 
of  protoxyd  of  njtr<^en  upon  tiie  animal  system ;  and  he  succeeded  in  pro- 
ducmg,  by  means  of  it,  tlie  same  offecta  which  are  now  accom- 
plished by  tlie  agency  of  chloroform  and  ether. 

341.  DeutojLyd  of  a  I  tr  ogea,  SOi-.  Siiwxydeflfi' 
tragen,  or  Nitric  Oxyd. — This  gas  is  easily  prepared  by  pouring 
nitric  acid  upon  chppinga  or  tummga  of  copper,  centred  in 
a  liaslc  with  a  littlo  water.  As  no  boat  is  required,  the  doable- 
tubed  hydrogen  gas  apparatus  tnay  be  ompioyed.  (See  F^. 
1 1 2.)  At  the  commencement  of  the  action,  the  (iask  becomes  / 
filled  with  deep-red  fumes,  but  if  the  gas  be  collected  o 
water  it  will  be  found  to  be  colorless. 

The  cliemical  action  involved  in  tho  production  of  nit 
oxyd,  by  this  process,  ia  as  follows;  Tiio  copper  takes  oxygen  from  o 

Qdestions.— .ilow  l8  it  itlBtlneiiUliPd  from  011^^11  (    What  effect  hsi  cold  or  i 
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tion  oTlhe  uitr'c  acid  and  becomes  osyd  of  copper,  which  oombinea  witli  on- 
Otlier  porliou  of  acid  remaining  UDdecomposcd,  and  forms  the  nitrate  of  Cop- 
per, tlie  solution  of  which  is  of  a  blue  color.  That  part  of  Che  nitric  acid  whicli 
13  decomposed,  loses  three  equivalents  of  osygen,  which  are  tikcQ  up  by  Hie 
copper;  Wie  reraaiaing  two  equlTalonta  of  oxygen  united  with  the  nitrogen 
appear  a^  the  gas,  tiius ; 

3Cu.  +  4(NOs)  — 3  {Cu.O,  K05)  +  N05 

345.  Pro  por  ties.— Nitric  osyd  ia  a  colorless  gna,  which  ia  but  slightly- 
absorbed  by  water.  It  is  perfectly  irrcspirable,  and  eiclKS  a  violent  spaam 
of  the  tliroat  when  an  attempt  is  made  to  respire  it.  Sir  Humphrey  Davy,  in 
hia  experiments  upon  Iho  respiration  of  the  protoxyd  of  nitn^eu,  attempted 
to  inhale  thia  gas,  but  the  result  was  nearly  fatal,  and  would  liavo  been  quite 
BO,  had  not  the  glottis  contracted  spasmodically,  and  thus  prevented  its  pas- 
sage into  the  lungs. 

Most  burning  bodies,  whon  immersed  in  this  gas,  are  extinguished  by  it, 
although  it  containa  half  ila  weight  of  oxygen.  If  phosphorus  and  charcoal, 
however,  in  a  stato  of  ignition,  be  Introduced  into  it,  the  heat  they  evolve 
effocta  the  decomposition  of  the  gas,  and  tho  combustion  continues  with  great 
brilliancy  through  the  agency  of  the  liijerated  oxygen. 

The  most  remarkable  property  of  nitric  oxyd  appears  to  bo  its  great  attrac- 
tion for  oxygen.  When  mixed  witli  oxygon,  or  ajiy  gas  containing  oxygen 
(atmospheric  air),  dense  red  fumes  are  produced,  wliieli  aro  soluble  m.  water, 
and  produce  an  acid  liquid.  In  this  way  nitric  oxyd  may  bo  used  as  a  teat 
to  demonstrate  the  presence  of  unoorabined  oxygen  in  a  gaseous  mixture. 
Experimentally  thia  action  maybe  demonstrated  aa  follows:  Partially  fill  a 
tall  glass  jar  or  bottle  with  nitric  oxyd,  over  a  pneumatic  trough  ,  and  tlien 
by  lifting  the  end  of  the  jar,  admit  a  few  bubbles  of  atmospheno  an-,  or  pare 
oxygon.  In  an  instant,  deep  blood-red  fumes  will  fill  the  vesncl,  and  much 
heat  will  he  generated.  By  agitating  the  contents  of  the  jar  with  nattr,  tho 
red  vapors  are  rapidly  absorbed,  and  tho  experiment  may  bo  several  kmea 
repeated,  with  the  remaining  portions  of  the  gas. 

Nilrio-oxyd  has  never  boon  liqueHod. 

SJe.  Aitrous  Acid]  NOs.  Byponitrous  Acid. — Tho  third  compound 
of  nitrogen  with  oxygen  is  a  brownish  red  vapor  at  ordinary  temperatures, 
and  a  volatile  green  liquid  at  a  temperature  0°  F.  It  is  formed  by  mLxmi; 
4  volumes  of  nitrous  oxyd  with  1  volume  of  oxygen,  both  in  a  perfectly  dry 
state.     It  unites  with  bases  to  form  salts,  which  are  called  nitrites. 

3i7.  Hyponilric  Acid,  JVO,,  Feraxj/d of  Mlrogm.—Tba  mi  fumea 
which  appear  in  mixing  nitrous  oxyd  with  oxygen,  or  atmospheric  air,  coa- 
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^st  mainly  of  Iiyponitrio  acid.     It  may  bo  formed  in  a 
miiins  i  voliimea  of  Kilricwosyd  witli  2  volumea  oi 

Tlio  compouudis  of  nitrog^i  witli  hydi^^n,  carbon,  sad  other  ni 
elements,  will  be  con^dercd  in  aubacquunt  acctiona, 

SECTION    T. 


Equivc^erU,  35*5.     Symbui,  CL     Demily,  2'47. 
348.  History,— This  substance  was  discovered  by  S 
in  1774,  and  called  by  bim  dephlogislieated  m'lrine  acid. 

It  was  Dnivorsally  regarded  as  a  compound  body  untQ  1811,  when  Davy 
established  its  elementary  character,  and  on  account  of  its  yellowish-green 
tint,  gave  it  the  appellation  of  chlorine  (from  x'^I'vCi  green). 

319.  natural  Uistory  and  Distribution  —  Chlonne  is  a 
prindpal  member  of  a  small  natoral  group  of  four  closely-allied  elementary 
bodies,  viz.,  chlorine,  iodine,  bromine,  and  fluorine,  which  difTor  in  many  re- 
spects from  all  the  other  elements.  They  are  characterized  by  a  remarkable 
indiBerenee  for  each  other,  and  for  an  intense  affinity  for  other  substances  at 
ordinary  temperatures — an  affinity  so  general  as  to  preclude  the  posalbility  of 
any  member  of  Hie  class  existing  in  a  fri  e  ind  unoombmcd  state  in 


Collectively  they  are  b  rmed  the  Halogens  from  the 
circumstance  of  tbeir  forming  with  tlie  mLtjla  salmj 
compounds  resemblii^  common.  s'Jt — ILxi-jid  scUL 
(S..  §  3H.) 

Chlorino  united  m  ith  other  elements  n  a  large  con 
etituant  bolh  of  the  moi^anic  and  organic  kingdoms. 
5Tie  groat  magazine  of  it  in  nature  is  rock,  or  common 
salt,  which  is  a.  compound  of  chlorine  and  the  mel^ 
sodium.  Combinations  of  it  also  with  other  aubalances 
in  tlie  mineral  kingdom  are  not  unfrequent.  In  the  or- 
ganic kir^om  it  is  ibund  as  a  constituent  of  both  an- 
imals and  T^etables ;  existing  in  tlio  greater  number 
of  animal  liquids,  and  in  various  Huids  and  secretions 
ofplanla. 

350.  Preparation,— Cldorinc  is  most  casilypro- 
pared  by  pouring  strong  hydrochloric  (muriatic)  acid 
upon  pulverized  binoxyd  of  manganese  contained  in  a 
glaas  retort  or  liask  (arrai^ed  as  in  Fig.  113),  and  ap- 
plying a  gentle  heat  from  a  spirit-lamp.  The  propor- 
tions which  give  the  boat  result  are,  one  part  by  weight 
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of  binoxjd  of  mangancet',  and  two  parla  by  weight  of  bjdrooWorie  acid.  Tho 
gas  may  be  collected  over  wator,  or  more  conveniently  by  the  displacement 
of  air  m  a  dry,  narrow-iieclieil  jar,  as  is  represented  in  Fig.  1)3.  The  green- 
islj  color  of  tbo  cblorino  enables  the  operator  lo  dctermino  when  the  receiver 
13  full.  By  closing  ibo  jars  with  glass  stoppora,  well  Bnjoarod  with  tallow,  tUo 
gas  can  he  preaerved  uiiaJterod  for  a  cocaderable  length  of  time.* 

Tho  chemical  reaction  which  takes  placo  in  this  process  may  bo  exphiined 
as  follows ;  hydrodilorio  acid  is  a,  compound  of  hydrogen  and  chlorino ;  when 
mixed  with  the  binoxyd  of  nunganoso  in  the  proportion  of  2  equivalent  of 
the  former  to  1  ot  the  latter,  double  decompoailion  ensues; — water,  free 
chlorioe,  and  a  chloride  of  the  metal  being  produced. 

Tlius,— MnO)-|-2II01— Mn01+2HO+Cl. 

Three  ounces  of  powdered  hiuoxyd  of  manganese  with  half  a  pint  of  com- 
mercial muriatic  acid  diluted  willi  3  ounces  of  water,  will  yield  between  three 
and  four  gallons  of  the  gas.  Care  should  be  taken  not  to  use  an  acid  more 
dilute  than  tlio  one  indicated,  lost  Some  explosive  compound  of  cblorino  should 
be  genorated. 

Chlorine  may  also  bo  readily  obtained  by  distilling  a,  mixture  of  i  parla  by 
weight  of  common  salt,  1  part  of  binosyd  of  manganese,  2  of  sulphuric  acid, 
and  2  of  water.  It  is  in  this  way  that  chlorine  is  prepared  in  enonnouq  quan- 
tities for  manufacturing  purposes;  but  for  the  preparation  of  "  chloride  of 
limo,"  tho  first  described  method  is  IbUowed,  owii^  to  tho  £icl  that  the  hy- 


Befora  •pplyiiig  heat  to  (ho  goneMtiiiK  flasfc,  the  operolor  ahoulii  observe  whether  Ihi 

s;m  rotnsins.    If  tlia  Utter  Is  the  case,  aU  heat  staauld  he  withheld  un'il  tlie  niasB  hy  agl 

tion)3  Deflected,  a  fracture  of  the  retort  vUl  probuhly  take  place  on  the  appliealion  dI 
heat.  Mint  aulhorlticB  reconiinend  the  collwlion  of  cUlorino  over  narm  -iter,  inasmu.:] 
a;  cold  vater  absorlis  a.  CDndderahle  amonnl  of  the  gas.    This  plan  ia  attended  irlth  th. 

fied ;  aa  that  whoa  it  cooJa  and  contractfi,  the  etoppera  of  the  hottlea  are  found  net  nofrc 
gucntlf  te  be  pernLaoonUy  filled.  Cold  val^r  Aliould  be  employed,  aad  eieept  it  be  ngi 
tiitod  whilst  the  gsa  is  paaBing  Ihrough  i^  so  little  ,ot  the  chlorine  la  absorbed  that  th 

Erory  eare  should  ha  taken  in  botlKng  up  chlorine  for  pnaervation,  to  eirlude  water  a 

ius  liylrochloilo  add,  which  is  eo  violently  abaorbod  by  water,  that  the  stoppers  of  th 

mgceeable  quantity  of  the  gas,  the  most  cScotual  relief  vJll  be  obtained  ^vm  an  ImmediaC 
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drochlorio  acid  used  is  obtained  as  a  waste  product  in  tho  jnanufacturo  of 
carbonate  of  soda  (soda-asli)  from  aea-salt 

3  jl.  Properties . — Chlorine  la  a  dense,  heavy  gas,  of  a  greenish-yel- 
low color.  It  is  characterized  by  a  peculiar  suaboatlng  odor,  almost  intoler- 
able to  most  persona  even  wlicn  greatly  diluted  with  air,  and  occasioning  a 
distreasit^  irritaljon  of  tUe  lur-passages  of  tUo  tliroat,  attended  with  cough- 
ing. Any  attempt  to  resjrire  Uio  gas  in  a  paro  form  would  probably  be  (htn!, 
bat  when  lai^ly  diluted  with  air,  it  is  breathed  without  inconvenience  by  ■ 
workmen  in  manufacturing  establishments,  and  it  has  also  been  adopted  as 
a  remedial  agent  in  this  condition  with  benefit  fol  pulmonary  diseases.  It 
should  not^  however,  he  used  tbr  this  latter  purpose  without  the  'sanction  of 
a  medical  authority. 

Chlorine  is  one  of  the  heaviest  of  the  gases,  its  spedGc  gravity  being  2-17 
{air  ^  1),  Under  a  pressure  of  4  atmospheres,  at  GO"  F.,  it  condenses  to  a 
yoDow  liquid,  of  spaciiio  gravity  1'33,  which  romaios  unfrozun  oven  at  a  cold 
of—  220"  P. 

Cold  water  absorbs  about  twice  its  balk  of  chlorine  gas.  This  sdulion, 
'Which  is  readily  formed  by  imitating  the  gas  and  the  water  together,  ac- 
quires the  color,  odor,  and  other  properties  of  chlorine,  and  is  much  used  tor 
experimental  and  manufacturing  purposes  In  preference  to  the  p\iro  gas.  As 
it  is  slowly  decomposed  by  tho  action  of  light,  it  should  be  preserved  in 
botties  covered  with  paper,  or  in  a  dark  place. 

With  wat«r  near  its  fVeozl.ig  point  chlorine  combines  to  fjrm  a  dcflnito 
hydrate,  which  contains  10  equivalents  of  water  (C1-|-10HO)  ■  tliie  at  a  tem- 
perature of  32"  F.  fVeeaes  and  forms  beautiful  yelbw 
crystals.    If  theee  crystals  be  1  erni  tically  enclosed  FlQ  114 

in  a  glass  tube  (seo  Kg.  114)  lln,y  will,  whtn  e*. 
posed  to  a  gentle  hea',  liberate  free  chl  iniie  t  j 
prevented  fram  expanding  presses  upon  itself  K 
Buuli  an  extent  that  a  port  on  of  the  gas  h^  i  fits 
and  may  then  be  seen  in  the  lubt  float  ng  upon  th^  wafer  which  s 
present      This  process  furmahea  the  moE,t  n-idy  way  of  ol  laming  liquid 

3o2.  Chlorine  is  a  supporter  of  Lombustion  but  ila  cfl^ta  are  strikingly 
different  from  those  manifested  by  Oij^n.  It  does  not  eomhino  directly  witli 
either  oxygen  or  carbon,  but  has  a  most  powerful  afQuity  for  hydrogen  and 
tho  melals.  Therefore,  bodies  rich  in  osygen  and  carbon,  either  burn  indif- 
ferently in  chlorine  or  not  at  all,  as  in  the  case  of  charcoal ;  but  ou  the  con- 
trary, bodies  rich  iu  hydrogen,  b^j;ether  with  many  of  the  metats,  bum  in  it 
with  great  brilliancy.  The  Jbllowkig  oxperimeats  are  illustrative  of  thcso 
likcts: 


Wliat  is  the  density  6l  uUoriD 

id!    Call  It 

beliqiiefiedr    > 

liquid  chlorine  ho  preimred ! 

What  «! 

,tbBrehiUoniiof. 
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A  piece  of  flnming  cliarcoal  plungoil  into  a  vcEsel  of  chlorine  is  eitingniBhcd 
aa  instantly  and  aa  completely  as  if  plunged  into  a  vessel  of  water. 

Wax  and  tallow  are  compounds  of  carbon  and  hydr<^;en.  If  a  lighted 
taper  be  immeraed  in  a  jai  of  chlorine,  its  flame  is  extiuguiahed ;  hut  Ihe 
column  of  mly  vapor  rising  from  tlie  wick  is  rekindled  by  the  chlorine ;  the 
tiydrogen  part  of  the  combustible  burning  with  a  dull  reddlab  flame,  while 
the  carbon  ia  separated  in  Ihe  form  of  a  dense  black  smoke. 

Another  experiment  illostratea  the  same  action  in  a  more  remarkable  man' 
FlQ  115.        "^-    "^'^  "^  turpentine  is  a  liijuid  exceedingly  rich  in  hy- 
drogen, anfl  also  in  carbon.     If  a  piece  of  paper  soaked  in 
J''^5Cl     it  bo  faatenod  to  the  end  of  a  rod  and  plunged  into  a  jar  of 
t\f/-J^    chlorine  (see  Fig  115),  the  chlorine  unites  with  Oie  hydro 
■"  -  '^■^  gen  BO  readily  aa  to  instantly  produce  spontaneous  eombuB- 
'  tiun,  while  the  carbon  is  separated  and  deposited  as  an 
y  aljundant  soot 

]f  a  bit  ol  Ignited  phosphorus  be  immersed  in  a  jar  of 
chlorine,  as  is  represented  in  Fig.  llfi,  the  combustion  con- 
tinue^ but  the  liglit  evolved  ia  hardly  perceptible.  If  a 
piece  of  phoaphorus  bo  plunged  into  chlorine  without  ig- 

taku  place  m  oijgen  The  leeble  l^ht  which  accompanies 
the  combustion  of  pho^horus  m  chlorine,  therefore,  can  not 
be  explained  by  rea-son  of  anj  lu(k  of  affinity 
between  tlicso  two  substances,  but  it  is  due  to 
the  fict  that  the  immediate  products  of  the  com- 
bustion ara  vaporous  or  gaseous,  and  are  not 
rendered  luminous  by  beating.  (See  Combustion.) 
Antimony  and  many  other  mclala  finely  pow- 
dered, and  projected  into  a  vessel  of  cbiorioe,  take 
flro  and  produce  a  brilliant  combustion.  Thin 
sheets  of  copper  lea(  attached  to  a  copper  wire, 
and  dipped  into  chlorine,  exhibit  ihe  uime  plie- 


FiG.  116. 


333.  The  intense  affinity  which  chlorine  rr 
feats  for  hydrogen  is  one  of  the  most  remarkable 
characteristics  of  this  element,  and  is  the  property,  above  all  others,  which 
gives  to  dilorine  ita  great  v^ue  as  an  induatrial  agent,  Thia  affinity  is,  how- 
ever, regulated,  or  rather  called  forth,  by  a  most  singular  action  of  light. 
Tlius,  when  chlorine  and  bydn^n,  in  the  gaseous  condition,  are  mixed  to- 
gether in  equal  volumes,  they  will  remain  for  an  indefinite  period  without 
action  upon  each  other,  if  kept  in  the  dark.  If  the  mixture  be  exposed  to 
diffiised  daylight,  combination  will  take  place  gradually  ;  but  if  the  two  gasea 
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nro  broushl  into  direct  sunlight,  the  union  takes  placo  instantly,  accompanied 
Willi  a  powerfid  explosion.* 

The  following  experiment  is  illustraiivB  :  Select  a  clear  glass  botUo  (holding 
about  a  pint),  and  fill  it  over  a  pneumatic  trough,  to  the  extent  of  half  its 
Capadty,  with  chlormo  gas;  then  carefully  cover  the  bottle  with  a  dark  cloth, 
and  add  hydrogen  from  a  gasometer  sufficient  to  occupy  the  remaining  space, 
or  until  all  the  water  in  the  bottle  is  displaced ;  eork  the  bottle,  keeping  Its 
month  under  water,  and  remove  it  from  Uie  trough  carefiilly  and  enUrely  en- 
veloped in  Hie  cloth.  Then  place  tiie  bottle  in  the  direct  light  of  the  son,  and 
IK)m  a  distance  remove  the  cloth  by  means  of  a  string  or  a  loi^  pole.  If  the 
prehmioary  conditions  have  been  strictly  complied  with,  the  instant  the  rays 
of  light  fall  upon  the  mixtore  a  violent  explosion  will  occur. 

When  cldormo  in  a  free  state,  or  in  feeble  combination  with  some  other 
substance,  ia  brought  in  contact  witli  a  body  which  contains  hydrogeii  as  ono 
of  its  constituent  elements,  it  manifests  the  same  affinity  for  this  element ;  and 
tends  to  "  draw  out,"  aa  it  were,  the  hydrogen  from  its  combination,  and  by 
uniting  with  it,  to  cliange  or  destroy  the  original  compound.  In  this  mstanco, 
also,  light  exercises  a  controlling  influence. 

For  example :  If  a  solution  of  chlorine  in  water  (§  351)  be  kept  in  tho 
dark,  no  change  takes  place  in  it ;  bnt  when  exposed  to  the  action  of  sun- 
ligbti  it  decomposes  readily.  This  result  is  produced  by  the  following  reac- 
tion : — the  chlorine  contained  in  the  solution,  by  reason  of  ita  intense  affinity 
far  hydr<^n,  withdraws  this  element  from  its  combination  with  oxy^n  in 
the  water,  and  uniting  with  it,  forma  an  acid;  the  oxygen  of  the  decomposed 
water,  being  no  longer  held  in  combination,  esci^ies  as  a  gas. 

354.  Theory  »f  Bloacliing — It  ia  this  action  of  chlorine  upon  hy- 
drc^on  which  renders  chlorine  the  most  powerful  of  all  known  bleaching  and 
deodorizing  agents.  Nearly  all  animal  and  vegetable  coloring  matters  conbun 
hydrogen  as  one  of  their  essential  constituents.  When  brought  in  contact 
with  chlorine,  the  hydrogen  they  contain  unites  with  it^  and  the  original  ar- 
rangement of  particles,  upon  which  the  color  of  tho  body  depended,  beit^ 
thus  changed  or  broken  up,  the  color  itaelf  is  destroyed.  Ozone,  which  is  also 
a  powerful  bleaching  agent,  acts  in  a  similar  manner ;  the  oxj^u  of  which 
it  consists,  by  reason  of  its  highly  active  condition,  withdraws  hydrogen  from 
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port,  the  whole  alructiire  faJla.  Colors  onea  removed  by  tlie  action  of  clilorino 
or  ozono  can  never  ba  restored;  and,  in  tliis  respect  these  two  siibstauoea  dif- 
fer Irom  most  other  bleaching  agents. 

The  bleaching  action  of  chlorine  may  be  illnatratod  by  a.  variety  of  experi- 
ments. For  this  purpose  a  solution  of  chlorine  iu  water  may  be  most  con- 
veniently used.  If  wo  pour  a  little  of  this  solution  upon  red  ink,  red  wine, 
the  bine  Nocture  of  red  cabbage,  of  litmus,  on  indigo  solution,  or  on  ordinary 
writmg  ink,  Ihoir  several  colors  almost  immediately  disappear.  Paper,  col- 
ored n^  and  all  varieties  of  cotton  or  linen  labrics  immersed  in  n  solution  of 
chlorine,  are  bleached  with  great  rapidity.  The  moist  gas  produces  the  sajno 
effoct,  but  perfectly  dry  chlorine  will  not  bleach.  Fibres  of  wool  arc  not 
bleached  by  the  action  of  chlorine,  ncitlior  is  it  usually  employed  for  the 
bleaching  of  silk.  It  has  no  action  upon  "  ludia,"  or  printers'  inks^  for  the 
roason  tliat  the  coloring  matter  in  tlicse  cases  canasta  of  minutely-divided 
carbon,  which  docs  not  combine  directly  with  chlorine.*  By  contact  with 
chlorine  for  any  considcmble  length  of  time,  the  texture  of  almost  all  cranio 
substances  is  weakened  and  destroyed.  This  may  be  especially  noticed  iu 
cases  where  cotton  or  linen  labrics  have  been  wot  with  a  chlorine  soIuUod, 
and  then  allowed  to  dry,  without  previous  thorongh  waahing. 

355.  Disinfecting  and  Deodorizing  iction  of  Chlorine. 
— Chlorine  acts  upon  noxious  and  odorous  vapors  and  organic  compounds  to 
decompose  and  destroy  them,  in  the  same  way  as  it  does  upon  coloring  s^ntn. 
It  differs  essentially  in  its  action  from  many  substances  used  in  fbmigation, 
Bucii  as  burat  paper,  vinegar,  pastilos,  perfumes,  and  the  like,  inasmuch  as, 
while  tlio  latter  only  disguise  the  ill  odors,  or  mophitie  atmosphere,  by  substi- 
tutiiig  one  smell  for  another,  the  cWorino  absolutely  destroys  tha, noxious 
matter  itaflf. 

The  use  of  chlorine  as  a  disinfectant,  howerer,  requires  care.  It  slioald  bo 
used  in  the  form  of  bleaeliii^powder  (''chloride  of  lime"),  mixed  with  water, 
and  exposed  to  the  air,  in  shallow  vessels,  if  possible  upon  a  high  shelf.  This 
compound  is  gradually  decomposed  by  the  carbonic  acid  of  the  atmosphere, 
and  the  chlorine  being  evolved  Gills  slowly  down,  and  is  dill\ised  through  tho 
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room.  If  a  nioro  rapid  action  ia  ruquirod,  a  little  dilute  sulphuric  or  liydro- 
cliloric  acid  toay  be  allowed  to  lirop  into  the  uliloride  of  iime  solution  from  a. 
vessel  suspended  above  it,  hy  means  of  u  piec^  of  lamp-wick  aJranged  in  Iha 
Torm  of  a  syplioD.  Auotbcr  niotliod  h  to  suspend  in  the  apartment,  clotha 
steeped  in  a  solution  of  bleacliing-powdor ;  and  in  tho  absence  of  Weaohing- 
powder,  tho  gaa  may  be  eaaly  generated  by  one  of  tlie  methods  already  de- 
described — care  being  taken  to  avoid  eicaaa.* 

3S6.  CompouudH  of  Chlorin e. — Glilorine  combines  nilh  aU  the 
non-metallic  elements,  with  perhaps  a  single  exception.  With  many  of  them, 
however,  it  can  not  be  made  (o  uniio  directly.  It  enters  into  combination 
■with  all  tiie  motalj ;  and  with  a  lai^  number  of  them  directly,  with  an  evo- 
lution of  light  and  heat  Tho  blnarj-  compounds  of  elilorine  are  termed 
chlorides.  With  the  eiception  of  the  dilorides  of  silver  and  lead,  and  the  sub- 
nbloridea  of  copper  and  mercury,  they  are  aU  more  or  less  soluble  in  water, 
and  in  their  taste  and  general  physical  diaracter,  resemble  common  salt 

It  frequently  happens  tliat  chlorine  combines  with  tho  same  metal  in  moro 
proportions  than  one:  for  example,  with  iron,  a  proloclilorido  (Fe  CI)  and  a 
Bcsquichlorido  (FejCls)  may  be  formed ;  and  with  pladnum  a  protochloride 
(Pt  CI)  and  a  bichloride  (Pt  Clj) ;  and,  generally,  for  each  oiyd  of  the  metal 
that  is  capable  of  uniting  with  adds  to  (brm  salts,  a  corresponding  chloride 

Most  of  the  chlorides  of  tho  metals  are  solid  ;  but  some  fuw  are  liquid  at 
ordinary  <eni]«>rutures ;  and  one,  the  pcrchlorido  of  manganL^se  (Mm  CI')  is 
gaseous.  All  of  tliem  are  fusible  at  a  moderal*  tempcratnre,  and  many 
are  readily  volatilized  in  the  operation;  especially  is  this  true  of  the  chlor- 
ides of  gold,  copper,  aluminum,  magnesium,  and  several  others.  Geol- 
<«ista  have  taken  advantage  of  this  Cict,  in  some  instauces,  to  explain  the 
formation  of  mineral,  or  metaUic  veins  in  the  rocky  strata  composing  the  crust 
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••  I'oi  diainfectlng  the  niirds  of  hoq>itala  and  slinllar  places,  Prof.  Fioday  foutul  that 
■  mixture  of  1  part  of  common  salt,  and  1  part  of  tJie  binoxf  d  of  naaguiese,  when  Hclcd 
npcn  bf  S  parts  of  oil  of  vitriol  previously  mixed  vlth  1  part  of  rater  (all  b;  w^liiht),  an  1 
left  till  cold,  prodoced  the  beat  resulls.  Such  a  miilure  at  6(C  F.,  in  shalloir  puis  of 
eartlien  ware,  Uberated  Iti  chlorino  Bradually  but  pcrfeoUy  In  four  dajs.    The  salt  and 

acid  and  water  irera  mlied  in  a  wooden  tnb,  the  water  belne  put  in  first,  and  then  about 
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of  c.ir  globo.  It  13  BUppofoi  that  the  inctala,  in  t'.ic  form  of  chlorides,  have 
been  sublimod  or  Tolatiikel  bj  intense  heat  from  tho  interior  of  the  eartli,  and 
riaing  through,  openii^  and  fissures  in  the  rocka,  liave  been  deposited,  aa  they 
cooled,  in  the  Mtnationa  in  whicli  they  are  now  found. 

Formerly,  before  tlic  eonatitution  of  chlorine  waa  folly  underalood,  its  com- 
pounds with  the  metals  were  termed  warlates.  The  namea,  muriate  of  tin, 
muriate  of  soda,  muriate  cf  iron,  have  tlicrcfore  the  same  ^gnification  as 
pliloride  oftju,  chlorido  ofaoda,  chloride  of  iron,  olc 

357.  Hyilrofliloric  Acid,  1!CI — Chlorokydric  Add  ; 
Chloride  of  Hydrogen;  Muriatic  Acid. — This  substance, 
J'ljrmed  by  the  uoion  of  chbrine  and  hydrogen,  is  the  most 
iinportant  of  all  tho  compounda  whicli  chlorine  forms  with 
Iho  non-metallic  elements. 

It  was  first  obtained  by  PrLcstloy  in  ita  pure  Term  of  a  gasi,  in  1112  ;  and  in 
u  stale  of  Boluljon  in  water,  it  has  long  been  known  under  the  namea  of  muri- 
atic acid,  and  spirit  of  salt  In  the  latter  condition  it  constitiiles  a  strong, 
corrosive  acid  liquid. ' 

358.  Preparation . — When  chlorine  and  hydrogen  are  mixed  together 
In  the  proportion  of  equal  volumes,  and  a  chemital  combination  is  effected 
between  them,  they  unite,  without  coodenaation,  to  form  hydrochloric  acid 
gas.  This  union  may  be  broi^t  about  by  tho  action  of  light,  in  tlie  niann:r 
before  desoribod  {§  353),  by  the  applioaOon  of  an  ignited  malch,  \>r  by  tlio 
paaaago  of  tho  electric  spark — the  combinatiou  in  tho  latter  mstanees  being 
always  attended  with  an  explosion. 

pjg    jj^ij  For  experimental  purposes,  hydrochloric 

ic!d  gaa  may  be  procured  by  heating  in  a, 
■lass  flask,  fnmiahed  with  a  perforated  cork 
ind  tube,  a  quantity  of  strong  commercial 
Tiiiriatic  acid.  The  gas  is  readily  given  off 
by  the  application  of  a  gentle  heat^  and  may 
be  collected  by  displacement  of  air  in  dry 
vessels.    (See  Fig.  117.) 

or  most  practical  purposes,  hydroeldoric 
acid  is  obtained  by  action  of  svdphuric  acid 
upon  common  salt  "When  tlio  process  is 
conducted  on  a  small  scale,  and  in  a  glass  retort,  or  an  apparatus  aimilar  to 
that  represented  in  Fig.  117,  3  parts  of  common  salt,  6  of  strong  sulphuric 
acid,  and  5  of  water  may  be  taken.  Tlie  reaction  in  this  oaae  is  as  follows; 
common  salt  ia  composed  of  chlorine  and  aodium;  when  mixed  with  snlphurie 
acid  and  water,  the  water  is  decomposed ;  its  bydrt^en  uniting  with  tho 
chlorine  Of  tho  common  salt  to  form  hydrochloric  acid,  and  its  oxygen  witli 
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(he  sodium  to  form  soda,  which  last  unites  with  the  sulphur 
suJpliate  of  Bodi.     Eipreaaed  Id  aymbols,  we  have — 


BaCl    +    SO,    +   no  —  NaO.SO,    +    UCl 

35Et  Properties . — Hydrochloric  acid  ia  a  colorless  acid  gas,  of  a  pe- 
culiar pungent  odor,  produeii.g  wliito  fumes  when  allowed  to  escape,  by 
uniting  with  and  condenaiug  the  moisture  of  the  atmosphere.  Jt  is  quit*  ua- 
r:spirable,  but  is  mucli  less  nauseous  and  suCfocatiDg  limn  chlorine.  It  pro- 
duces coughing  when  breathed  in  oven  the  most  dilute  condition.  Jt  is  heavier 
tlian  air,  and  has  a  speidfic  gravity  of  I'24.  Under  a  pressure  of  40  atmos- 
plieres  at  50°  F.,  it  condenses  to  a  oolorlcsa  liquid,  which  has  never  been 
frozen.  It  is  incombustibie,  estinguislies  burning  bodies  and  when  brought 
in  contact  witii  dry  and  blue  litmus  paper  reddena  it. 

Hydrochlorio  aciS  gas  is  especially  characteriKed  by  a  most  intense  attrac- 
tioQ  for  water,  which  liquid  at  a  temperature  of  40"  F.  is  capable  of  absorbing 
about  480  times  its  bulk  of  gas — increasing  in  volume  thereby  about  ono 
t'.iird,  and  acquiring  a  specific  gravity  of  1-21 .  Water  of  a  h^her  temperature 
absorbs  less.  A  piece  of  ice  passed  into  a  jar  of  liydrochlorio  acid  gas  stand- 
ing over  mercury  ia  instantly  liquefied  by  it ;  and  tlie  gas  at  the  same  mo- 
ment disaj^esring  by  absorption,  tho  mercury  rises  to  fill  tlie  jar  By  reason 
of  its  great  solubility  in  water,  it  can  only  Ije  collected  over  morcury,  or  by 
tho  displacement  of  air. 

360,  Solution  ot  Ilydrocliloric  Acid,  which  constitutes 
the  liquid  acid,  or  the  muriatic  acid  of  commerce,  is  pre- 
pared by  generating  tlie  gas  from  a  mixture  of  salt  and 
dilute  sulphuric  acid,  and  allowing  it  to  pass  through  and 
become  absorbed  by  water. 

Tlie  gas  is  conducted  from  the  retort  or  generating  vea*  -1  into  a  series  of 
bottles  or  jars  connected  with  each  other  and  filled  with  water.  When  tlie 
water  in  the  first  vessel  becomes  saturated  with  hydrocidonc  acid,  tho  gaa 
passes  over  into  the  second,  tlienee  into  the  tiiird,  and  ao  on,  aaturatuig-  each 
succesavely.  Several  contingendoa,  however,  must  ho  provided  for  in  this 
operation ;  the  evolution  of  gas  may  take  place  so  rapidly  as  to  rupture  the 
receivers,  or  tlie  gaa  delivered  slowly  may  be  absorbed  so  completely  by  tho 
water  as  to  produce  a  vacuum ;  in  which  case  the  whole  liquid  contents  of 
the  receivers  flow  back  violently  into  tho  retort,  and  thus  put  an  end  to  the 
proeosa. 
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Wonlfe'i!  Apparatus. — To  obviate  thcao  diffleultica,  a  scries  of 
peculiar- ahapod  vcsaela,  known  as  "  Woulfo's  bottles,"  are  employed.  These 
conaist  of  glass  jata,  or  bottlos,  provided  with  thi'ee  necka,  or  apertures,  (see 
Fig.  US),  each  of  vhich  is  fitted  with  a  perforated  cork  and  tube.  Tlie  man- 
ner in  whiob  tho  gas  enters  and  is  discharged  from  the  vessel  will  be  reaiiUy 
understood  by  an  inspection  of  tlie  figure.  Tho  middle  aperture  is  fitted  with 
a  aipi^le  upright  tube,  called  the  "aafoty  tube,"  whidi  dips  beneath  the  sur- 
face )f  tbe  hquid  contiuued  in  the  yessel.     If  the  pressure  of  gas  becomes 


euioessive,  the  water  ia  fbreod  up  the  center  tube,  and  the  pressure  ia  relieved. 
If  a  vacuum  la  created,  air  enters  from  without  to  SU  it  By  tho  condensa- 
tion of  tlio  hydrochloric  acid  gas,  much  latent  heat  is  liberated,  ami  tiie  water 
which  absorbs  it  soon  becomes  elevated  in  temporature ;  to  obtain,  tlierefore, 
tho  most  concentrated  solution  of  gas,  it  is  necessary  that  the  receivers  should 
be  immersed  in  cold  water,  or  aurroundecJ  with  ice.  Connection  between  tbe 
separate  Woulfo's  bottles  is  effected  by  meaus  of  a  fieiible  tube  of  India- 
rubber. 

acid  solution,  when  pure,  is  a  colorless  liquid,  fuming,  when 
I  exposure  to  air.  The  commert^l  "  muriatic"  acid  is  gener- 
ir  straw  color,  owing  to  the  presence  of  iron  and  other  inipu- 
one  of  the  three  great  acids  of  commerce,  and  is  exten- 
aively  used  as  a  reagent  in  chemical  operaUona,  and  to  some  eitent  in  medi- 
cine as  a  toiac.  In  the  manuEicture  of  "  soda  ash"  (carbonalji  of  aoda),  by 
the  decomposition  of  common  salt,  hydrocliloric  acid  gas  is  prepared  as  an 
incidental  product  in  immense  quantities  ;  and  in  some  of  the  great  manu- 
facturing establishments  of  Great  Britain  it  is  regarded  as  a  waste  product^ 
the  disposal  of  which  is  attended  with  difficulty  and  espeoae.* 
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Free  bydroeiJorio  acid,  derived  from  the  salt  contained  in  fbod,  ia  found  in 
tiie  stomach,  as  a  constituonl  oftlie  gastric  juico.  Its  presence,  and  that  of 
the  soluble  lAloridcs  in  Boludon,  is  indicated  b;  tlie  fumiation  of  a  white, 
cordy  precipitate,  when  oitrata  of  ailver  ia  solution  ia  added  to  tlie  liquid. 
This  precipitate— chloride  of  silver — la  aolublo  in  ammonia,  but  insoluble  ia 

361.  Aqua  Regia. — Nitro-Muriatic  Add. — The  name  of 
aqua  regia  {royal  water)  was  given  by  the  alchemista  to  a 
mixture  of  nitric  with  hydrochloric  acid,  from  the  power 
that  it  possesses  of  dissolving  gold,  the  "  king  of  the 
metals." 

Gold  and  platinum  aro  insoluble  in  either  acid  acparately;  but  when  the 
two  acids  are  mixed,  they  mutually  decompose  tach  otlicr  in  the  preaenoo  of 
Uiemelala — free  chlorine,  and  »  compound  of  chlorine  and  an  oxyd  of  nitrogcQ 
being  liberated.  Tho  chlorine,  in  the  moment  of  its  extrication,  or  iu  ita 
naaoent  state  (page  162),  acts  upon  tho  metals  and  diasolvea  tbem— the  pro- 
ducts formed  being  clilorides. 

The  best  proportions  of  aqua  regia  are  one  of  nitric  acid  by  measure  to  tvra 
hydrochloric 

302.  Oxyds  »r  Chlorine  .—Although  chlorine  and  oxygen  will  not, 
under  any  circtimstanccs,  unite  directly,  sereral  compounds  of  these  elements 
nay  be  obtained  by  indirect  methods.  The  composition  and  names  of  the 
moat  important  arc  indicated  in  tlie  fbllowing  table : — 


OUarouB  icid  ClOi 

ChJorlo  scid  CIUI 

iryperclilorio  ocU  ClOi 


303.  Hjpoehloroua   Acid  — This  compoand  may  bo  produced  by 
the  action  of  chlorine  upon  rod  oiyd  of  mercury      It  ia  a  yellow  gas,  readily 


,hlch,  ,.»fted 

Ii7lhe 

wlni 

l,pr,>duc 

«ivs™ 

n,  moat  ruinou.  lo   tho  t 

ogctalion  of 

indii 

itry. 

Hla.n3E 

oda  vurkF 

1  III  Grc 

loromaij-lhaeTllliydls. 

Jliargtoglh* 

fumiaale 

Tcat 

elovEt 

ions, 

"''="'' 

wa>  supposed  th. 

cy  iruuld  become  so  dlluM 
rrj-oiit  this  Mhome,  thou 

Jbradniii- 
iiostgisMti. 

near  Liverpool  ta  495  foot  liigl 

h,  BO  feet  in 

dbiDieter  I 

otaM, 

le  lop,  an 

ilDB  a  niUlion  of  bricks. 

Another  at 

GUiBEo>i  ii 

lli.B« 

•lieOBOo!. 

lly  Mrncll 

ires  ha. 

<e  not,  howeyer,  been  foui 

llio  purpw 

«fo 

hU.e 

ondi^iwe  Iha 

enn  iS  ful 

d  by  brh 

oeingUl. 

taken  in  c 

'ctjon  nilh 

thediap 

Dsal  of  til 

,  q.Tadllty  of  lliiiitil  «id  ; 

formed,  is  a 

matter  of 

grea 

t  dime 

ulty. 

uidmai 

.y  arrangi 

iiqenlal 

bttva  been  patentaa  to  efti 

ICtit. 

isUod?  IIov  ia  It  onaMod  to  dlssolre gold  t  WhatiasaU 
nt  ia  hypochlonjUB  acid ! 


HnjtcdbyGoOglc 


i:s6  INORGANIC     CIIEMISTKY. 

BbBorbed  by  water,  and  condCDsed  by  tbe  application  of  cold  Into  an  orango- 
yellow  liquid. 

364.  Bleaehing  Cempounds. — When  chlorine  gas  is  caused  fo 
paas  through  weak  goluljona  of  the  alkalies,  or  over  hydrate  of  lime  (slacked 
hme),  it  ia  absorbed,  and  very  pecuhar  eompounda,  poaseaaed  of  romarkablo 
bleaching  propcrtisB,  aro  produced.  It  is  in  thia  way  tliat  the  bleaching 
agents  so  extensively  used  in  the  arts  under  the  names  of  chloride  of  limo 
(bieaching  powder)  chloride  of  soda,  and  chloride  of  potash,  together  with 
what  are  called  "  disinfecting  fluids,"  are  prepared. 

These  eompounda,  according  to  the  opinion  of  most  cheuuats,  are  formed 
by  the  union  of  hjpoehlorous  acid  with  an  osyd  of  a  metal,  and  are  termed 
hiipochloriles.  Thus  the  constitution  of  the  so'Collod  chloride  of  lime  ivould 
be  represented  in  aymbola  as  follows :  CaO,  CIO.  Other  authorities  deny  the 
Ibrmation  of  hjpoehlorous  acid,  and  regard  tho  compounds  in  question  as 
formed  by  the  direct  union  of  chlorine  with  an  oxyd.  According  to  this  latter 
view,  tliB  conftitirtion  of  cblorido  of  lime,  represented  in  symbols,  would  be  as 
Mows:  CaO,  a. 

365.  Chloride  Of  tlmOior  Blcaching-Powder,  is  the  most  important 
of  all  the  bleaching  compounds  of  chlorine,  and  is  used  in  immense  quantities 
for  the  bleaching  of  paper,  cotton,  and  linen  fabrics,  and  lor  disinfecting  pur- 
poses. Ita  manufiictnre  is  almost  a  monopoly  with  Great  Britain,  and  no  at- 
tempt to  prepare  it  on  a  lai^e  scale  in  this  country  haa  ever  proved  auceess- 
ful.*  The  proccaa  eonaiala  easeotiaUy  in  esposing  fresh  slacked  lime,  sj^oad 
out  upon  shelves  in  large  leaden  or  stone  cliambera,  to  the  action  of  gaseous 
chlorine — -the  operation  being  continued  until  the  lime  liaa  absorbed,  or  united 
with  the  largest  possible  amount  of  the  gas.  It  is  tlien  withdrawn,  and  made 
ready  for  transportation  by  enclosure  in  tight  casks.  As  thus  prepared,  it  is 
a  soft  white  powder,  partially  soluble  in  water,  and  possessii^  a  chlorine-liko 
odor.  When  exposed  to  llio  air  it  is  readily  decomposed,  carbonic  acid  being 
absorbed,  and  chlorine  hberatcd. 

Ordinary  bleaehing-powders  contain  about  30  per  cent,  of  available  chlo- 
rine. The  testing  of  their  eommordal  value  is  termed  c/dorimetry,  and  the 
method  adopted  generally  consists  in  ascertaining  by  experiment  how  many 
grains  of  a  particular  sample  are  required  to  destroy  the  color  of  a  known 
weight  of  indigo  in  solution.  Tho  result,  compared  with  the  results  of  certain 
standard  csperhnents,  gives  the  poreentage. 


•  The  raison  ithj-  flie  msniif 
Ihe  United  Slates,  ig  due  doubt 

ncture  nf  bleiiching-powder  haa  not  been  Introduced  Into 

icliirc  of  eoda^h,  which  proeeM  furolBhes  bydroohl  rie 
irocured.  u  (  mere  nominal  eost :  md  to  carry  on  both 
ires  the  emploTincnt  of  great  capiW  and  HkilL 

formed  f    Whslistaldofthec 

ompoaitioD  of  these  cnmpoHTida?    Wliat  ia  Mid  of  ehlorlds 
Wbal  i)  olOorinictrr  I    How  is  it  eonducled  f 
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Wliat  ia  eallod  "  Labarraque'a  diaiiifecting  liquid,"  ia  a  solatton  of  a  com- 
pound of  cLlorino  and  sods,  Mmiliir  ia  composilion  to  bleaohiug-powder. 
"  Burnct'3  diainfeoting  fluid"  is  a.  compound  of  oliloriae  and  zinc 

36G.  Chloric  Aeid,  ClOj-— Tbia  compound  13  not  known  in  an  iaof 
iated  state,  and  ia  never  obttuned  except  in  combination  with  water  (CIO* 
JIO).  When  a  stream  of  chiorino  gaa  ia  tranamilted  tliroi^h  a  strong  solu- 
tion of  caustic  potaali,  the  gas  ia  aljsort-ed,  and  a  bleaching  solution,  aa  before 
doacribed.  is  formed.  This,  by  atanding,  or  by  the  applicadon  of  beat,  loses 
its  bleaching  property,  and  becomes  a  miituro  of  cliloride  of  potaaaium  ani 
clilorate  of  potash ;  tlie  latter  of  wliicli,  being  the  leaat  soluble,  separate  oit 
conoentraling  the  liquid,  iato  shuiing  tabular  crystals.  In  this  reaction,  a  part 
of  tiie  polash  ia  decomposed ;  ita  oxygen  combining  with  one  portion  of  clilor- 
iue  to  fonn  chloric  acid,  while  the  potassium  ia  taken  up  by  a  second  portion 
of  the  same  substance ;  or  in  symbols ; — 

6  Cl-l-6  KO— KO.aOs-l-S  ECL 

Cliloratos  of  other  baaca  aro  f  jrmed  in  a  ^milar  manner. 

3G7.  Ptopertie r. — All  t.f  llie  ohlorat«a,  when  exposed  to  moderate 
heal,  undei^  Uecompo^tion,  and  liberate  oxygon  most  abundantly;  they 
are,  therefore,  generally  used  fcr  the  production  of  oxygen  (§  281).  When 
UirowD  upon  foiled  charcoal,  tho  chlorates  deOagrate  with  scintillations,  and 
when  heated  willi  substances  which  hare  a  atrot^  attraction  ibr  oxygrm,  such 
OS  pbosphonia  and  sulphur,  tliey  expludo  violently  (§  285).  Mere  fiictioo, 
also,  with  these  olemcnls  is  sulficient  to  caase  a  delonation;  ibr  example,  if  a 
lialf  a  grain  of  aulphur  be  triturated  in  a.  mortar  with  two  or  three  grains  of 
chlorate  of  potash,  the  friction  la  attended  wiUi  a  series  of  small  explosions, 
A  mixture  of  chlorate  of  potasli,  sulphur,  aiid  a,  little  cliarCoal,  was  formerly 
used  as  a  percussion  powder  tor  gun-oapa ;  but  ita  action  upon  the  looks  was 
found  to  be  highly  corrosivo. 

Fapcr  soaked  in  a  solution  of  a  chlorate,  bums  in  the  same  manner  as  loucli- 

An  attempt  was  made  by  tho  French  government,  toward  tho  close  of  the 
last  century,  to  substitute  clilorate  of  potash  in  place  of  niter  (saltpeter)  in  tha 
manufacture  of  gunpowder ;  but  ttie  Ibbihty  to  accidental  explosion  waa  so 
greatly  increased,  that  tho  enterprise  waa  apeedily  abandoned.  It  is,  how- 
over,  still  used  to  a  very  great  extent  in  the  manufkcture  of  fire-work^  and 
especially  in  the  production  of  colored  fires. 

368.  Peroxyd  of  ChloriDe,  CIO4.  Sypocliloria  Acid.— Tiiis  eab- 
stance,  which  can  not  be  obtained  in  a  state  of  purity  without  great  danger, 
is  prepared  by  dislJlUng  chlorate  of  potash  with  strong  sulphurie  acid.  It  is  a 
gas  of  a  yellow  color,  which  is  gradually  decomposed  by  the  influence  of  light, 
and  at  a  temperature  leaa  tlian  that  of  boiling  water,  its  elements  separate 
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It  with  many  combiistihin  matCen 


S4S 


■with  a  most  violent  explosion.     Mere  o< 
also  ocoasioQ  an  immediate  explosion. 

Some  of  tlie  propertiea  of  tliia  Mogular  compound  may  be  experimcntallj 
illuBtrated  without  danger.  If  a  few  grains  of  loaf  su(;flr  an  1  jb.lorate  of  pot- 
aah  be  separately  pulverized,  and  mixed  t(^ther  in  et|ual  proportioPa,  with- 
out fiiction,  the  addition  of  a  siiiglo  drop  o£  suipliurio  a<^  let  lail  from  the 
end  of  a  glass  rod,  will  produce  instantaneous  and  brilliant  doflagraUon.  The 
cliemicai  reaction  which  ocoaaona  this  result  is  as  follows;  The  sulphuric 
acid  daeomposes  Iho  chlorate  of  potash,  and  liberatea  peroxyd  of  chlorine; 
this,  in  turn,  by  contact  with  the  ai^ar,  is  decomposed,  and  evolves  heat  suf- 
ticient  to  produce  combustion. 

Another  veiy  brilliant  experiment  consists  in  bringing  phosphorus  in  contact 
wiHi  peroxyd  of  <Morine  under  water  at  the  very  instant  ot  i(a  development. 
A  deep  glass  vessel  being  chosen  (a  conical  wine-glaas  wilt  answer),  a  few 
small  pieces  of  phosphorus  are  first  thrown  in,  and  the  glass  two  thirds  filled 
Crystals  of  chlorate  ot  potash,  about  eqHal  in  quantity  to  the 
IS  employed,  are  then  allowed  to  fall  through  the  water  and  scttlo 
n  n  upon  the  phosphorus.     All  that  now  remmnB  to  bo 

done  is  to  bring  sulphuric  acid  in  contact  with  the  two, 
which  is  easily  accomplished  by  means  of  a  droppliiji;- 
lube,  or  small  glass  tube  and  funnel — the  extremity 
ol  either  of  which  being  broaglit  in  contact  with  the 
mixture,  the  sulphuric  acid  is  caused  to  touch  the 
soBds,  without  mixit^  with,  and  suffering  dilution  by, 
the  water,  (See  Fig,  1 1 9.)  Peroxyd  oi  chlorino  being 
rapidly  evolved,  the  phosphorus  reacts  upon  it,  ond' 
lies  ot  a  beautiful  green  light  under  w^lcr,  attended 
with  a  crackling  uoiae,  are  produced. 

"'he  two  other  principal  eompounda  of  chlorine  with 
oiy^n,  chlorous  and  perchloric  acid,  although  of  scienti5c  interest,  are  of  no 
practical  importance. 

369.  Chloride  Of  BTitrogon. — The  single  compound  which  chlorine 
is  known  to  form  with  nitri^en,  is  ospedally  worthy  of  note  as  probably  ttie 
most  dangerous  of  all  chemical  combinations. 

When  a  bottle  of  chlorine,  perfectly  free  from  greasy  matter,  is  inverted 
over  a  leaden  dish  contmning  a  solution  of  1  part  of  sal-ammoniac  (NlljCt)  in 
12  parts  df  water — the  mouth  of  the  Ijottle  slightly  dipping  beneath  the  sur- 
face— drops  of  an  oily-looking  substance  will  gradually  form  upon  the  liqiud 
and  &11  to  the  bottom  of  the  dish, — ctilorine  slowly  disappearing.  The  fiuid 
substance  thus  generated  ia  cliloride  of  niteogen.  ZNiring  the  whole  opera- 
Uon,  the  bottle  must  not  be  approached,  unless  tlie  lace  ia  protected  by  a  wire- 
gauze  mask,  and  the  hands  by  thick  woollon  gloves.  The  leaden  dish  con- 
taining the  chloride  of  nitrogen,  may,  after  a  time,  however,  be  withdrawn 
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from  under  the  bottle,  Gare  being  taken  to  flroM  all  agilatioo  and  contact  witb 

As  tUuB  prepared,  it  b  a  volatile,  oily  liquid,  witU  a  peculiar,  penetrating 
odor.  When  heated  to  about  200°  F.,  or  iviioo  merely  touched  with  a  greasy 
substance,  with  phospboius  or  an  alkali,  or  even  when  Eubjectcd  to.  the  slight- 
eat  friction  or  jarring,  it  explodes  witb  a  floah  of  light  and  a  violence  that  ia 
dilGcult  to  conceive  o£  Glaas  and  cust-iran  in  proximity  to  it,  are  shattered 
into  fragmenta,  and  a  einglo  drop  h:i3  been  known  to  cause  a  perforation 
through  a  thick  pianb,  A  leaden  veaacl  yields  to  ita  effucla,  and  U  merely 
indented. 

The  chemical  constitution  of  this  body  is  not  certainly  knon  n ,  neither  ara 
the  principles  involved  in  ita  remarkable  reactions  at  all  understood  Sim- 
ilir  compounds  of  nitrogen  may  also  be  formed  with  iolinu,  bromine,  and  cy- 
anogen 

J70  History  of  Bleachin  g. — The  past  history  and  present  condi- 
tion of  the  great  industrial  art  of  bleaching  appropriatoly  connects  itself  with 
tlio  subject  of  chlorine.  Before  the  diacoveiy  and  application  of  this  element, 
the  operation  of  bleaching  cotton  and  linen  consisted  essentially  in  washing 
and  boiling  tlio  fabrics  in  hot  water,  with  soap  and  alkalies,  and  subsequently 
exposing  Uiom  for  a  lengthened  period  on  the  grass  to  the  action  oflight  and 
air.  These  operationa  were  success  1  rep  ted,  and  th  t  m  req  ed  to 
render  a  piece  of  linen  white  and  suit  bl    f        ark  t  d  from  f    r  l« 

e%ht  months.  During  tho  IGth  illh  t  csl  Dtl  jy^lan 
almost  completo  monopoly  of  th  b  ss,  d  Imost  11  h  1  goods 
manufiictured  in  Europe  were  sent  t  H  11  d  h  bl  hod  Th  D  tch 
affixed  their  imprint  on  all  good  bl  ach  d  by  th  m  wh  1  w  ft  ward 
known  as  "  Hollands,"  a  term  appi   dtol     ns  tthpese     dy 

This  method  of  bleaching  was  extremely  expensive,  not  only  on  account  of 
the  time  and  labor  required  in  the  operation,  but  also  from  the  great  extent 
of  grass-land  necessary  for  tho  spreading  of  tho  cloths.  Goods  thus  exposed 
out-of-doors  served  aa  a  temptation  to  dishonest  persons,  and  the  old  aiatute 
laws  of  England  abound  in  severe  penalties  against  trespassers  upon  blcaoh- 

The  deooloriziiig  action  observed  to  take  place  when  oi^anic  products  aro 
exposed  to  the  action  of  light,  air,  and  moisture,  is  explained  on  Uie  sama 
general  principles,  as  in  tho  case  of  chlorme  (§  354) ,  viz.,  the  coloring  com- 
pound is  broken  up  by  tho  abstraction  or  union  of  ita  hydrogen  constituent 
with  tho  oxygen  of  the  air,  or  with  tho  oxygen  contained  in  dew  and  aqueous 
vapors,  it  being  a  &ct  that  "  grass-bleaching"  is  most  rapid  at  those  seasons 
and  times  when  the  deposit  of  dew  is  most  copious  and  abundant.  It  is  also 
probable  that  the  ozono  present  in  the  atmosphere  exerts  some  effect,  and 
the  chemical  action  oflight  is  known  to  bo  essential,  inasmuch  as  the  bleach- 
ing will  not  take  placo  in  the  dark. 

BTG  ils  charBplErlsHo  propertLcis'    What  WM  the  origlniJ  metliud 
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One  oftlio  improyGmonts  in  bleaohiug  introduced  by  the  Dutch  was  that  of 
"souring,"  which  consUledm  steeping  tho  gcwda  for  a  considerable  lecgtli  of 
time  in  flom-  milk ;  but  about  tho  Tear  1750,  very  dilute  sulphuric  acid  was 
Bubstituted  in  its  place  This  ample  cliange  was  a  moat  important  discovery, 
inasmuch  as  it  aliortenett  tlio  time  required  for  bleaching  linen  by  nearly  three 
months,  and  greatly  reduced  tlie  expense.  In  fact,  tlic  operation  of  "souring" 
by  aulphuric  arad  still  forms  an  csacutial  feature  of  the  modem  processes  of 
blcachit^. 

In  1785,  Berthollet,  a  French  chemist,  while  repeating  some  experiments  on 
dilorine,  which  had  been  discovered  by  Scheele  in  1 1 74,  ascertained  that  a 
solution  of  tills  gas  in  water  was  capable  of  destroying  vegetable  colors,  and 
ho  was  hence  led  to  suggest  its  application  to  bloaiiliing.  About  this  time 
Bertbollot  was  visited  by  James  Watt,  of  England,  celebrated  from  his  connec- 
tion with  the  steam-engine,  to  whom  he  related  the  results  of  hia  experiments. 
Watt,  on  his  return  to  Rnglaud.  practically  examined  tlie  subject,  and  made 
a  successful  trial  of  bleacliing  with  the  new  agent,  at  an  establishment  near 
Glasgow,  Scotland.  From  lienco  its  usa  rapidly  extended  throughout  Great 
Britain. 

The  introduction  of  chlorine  as  a  bleaching  agent,  like  all  other  groat  dis- 
coveries which  tend  lo  overturn  old  practices,  encountered  a  most  strenuous 

The  first  method  of  using  it,  consisted  in  saturating  cold  water  with 
tho  gas,  and  immersing  the  goods  to  be  blcaclied  in  the  solution.  Heat 
being  applied,  the  chlorine  was  evolved  item  tho  water  and  acted  upon  tlio 
coloring  matters.  The  difficulties  wiiich  attended  tbia  procedure  were,  that 
the  gas  was  evolved  so  abundantly,  that  tho  workmen  wore  unable  to  endure 
it,  and  the  strength  of  the  cloth  also  was  impaired.  A  defect  of  the  goods, 
becoming  yellow  after  some  days,  led  to  the  operation  of  boiling  in  alkaline 
leys,  when  it  was  discovered  that  soluldons  of  ttie  alkalies  not  only  absorb  a 
greater  quantity  of  chlorine  than  water,  but  hold  it  with  greater  affinity — not 
allowing  the  gas  to  escape  and  affect  the  afmospliere,  but  at  the  same  time 
imparting  it  regularly  and  effectively  lo  fabrics  in  contast  with  them.  The 
knowledge  of  these  feeta  prepared  the  way  for  the  further  discovery,  in  179S, 
by  Mr.  Tonnant,  of  Scotland,  of  tho  compound  known  as  "  chloride  of  lime," 
or  "  bleach  ing-powder,"  the  manufacture  of  which  has  been  already  described 
(g  365).*    During  all  this  period  the  constitution  of  the  bleaching  agent  in 


urer,  and  can  be  used  with  My  amount  of  violence,  so  to  speoli.  wltliln  the  Uinlts  of 
lov^re.  Jt  amy  be  developed  at  once.  If  dcfllred,  or  ila  evolutJOQ  ean  be  effected  by 
Bloirest  degrecK  It  it  poaslblc  to  Br>  dllul«  bleachiT^-poTdcr  witb  vnler,  that  It  shall 
'die  no  bleaching  effect  of  llsclf,  but  lUi  effect  aball  be  developed  by  tbe  disturlnng 
jn  of  » third  BubstaDcc.    This  may  be  iUagtratcd  by  making  an  exceedingly  dHuta 
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qmistion  waa  nnknovm,  it  being  regarded  as  a,  compound  containing  oxygeD, 
termed  " oxy 'muriatic  acid;"  aud  it  waa  not  until  1811  Uiat  Sir  Humpbrey 
Davy  demonstrated  its  true  elomsntary  charactjr,  and  called  it  dilorine. 

Some  idea  of  tlie  wonderful  resulla  wliicli  have  flowed  from  the  diaaoTery 
and  practical  application  of  chlorine  may  be  formed  from  the  following  facts : 
Ueacbin  J  operations,  which  less  than  one  hundred  yeara  ago,  required  from 
four  Ki  eight  months,  are  now  accomplished  in  comparatively  few  bonis ;  tho 
quantity  of  cloth  bleadied  by  several  of  the  large  establisliments  of  England 
and  the  tJmted  States  ranges  from  twenty  to  fifty  thousand  yards  per  day; 
and  it  has  been  further  estimated  that  all  tiie  available  labor  of  the  civUized 
world  would  dX  tho  present  time  bo  inaufficient  to  supply,  by  the  old  process, 
the  present  demand  and  cousuniptiau  of  btoacbed  cottons  and  linens. 

The  operations  of  a  modern  blaacbory  for  cotton  labrica  may  be  briefly  dc- 
Bcribed  as  follows: — "  Allcotlon  fibers  are  covered  witli  a  resinous  substance, 
which,  to  a,  certain  eil«nt,  prevents  the  absorption  of  moisture,  and  also  with 
a  yellow  coloring  matter,  which,  in  some  kinds  of  cotton,  is  so  marked  as  to 
give  a  distinctive  character  to  the  Gibric  made  from  it,  as  in  nankeen,  which 
is  manufactured  in  China  from  a  nalivc  brown  cotton.  In  some  varieUos  of 
cotton  the  fiuantity  of  coloring  malcr  is  so  small  that  the  Cibric  would  not  re- 
quire bleaoliing  were  it  not  tbr  tho  impurities  acquired  in  spinning  and  weav- 
ing." 

The  first  process  of  bleaching  is  CiJlcd  "singeing,"  and  consists  in  passing 
tho  cloth  with  great  rigidity  over  a  red-hot  copper  cylinder.  This  bums,  or 
"  singes"  off  tho  fibrous  down  or  "  nap"  from  the  surface  of  tho  cloth,  render- 
ing it  smooth  and  more  snitable  for  tho  reception  of  colors,  in  subsequent 
operations  of  dyeing  and  calico  printing. 

After  singeing  tlio  goods  are  placed  in  lai^  hollow  wheels,  each  of  which 
has  four  compartments,  with  openings  upon  its  face.  (See  Pig.  120).  Water 
being  odmitWd  into  the  compartmonts  by  means  of  a  pipe  concentric  with  the 


Kilt  Is  effected  by  the  toUoiriDg  conrse  af  msnfpulatioa :  The  whole  fsbiic  is  first  d;ed  ot 

Tltb  KtampB  called  with  lome  sulistaoce  coaUinlng  a  very  vesk  sc[d.  An  aidd  known  u 
dtric  Bdd  <■  cryslalllDe  solid),  mixed  iFith  gum,  le  generally  used  for  this  parpose.  Tba 
ftljric  is  now  drlel,  and  stffl  cihibltsan  uniform  color.  Ho  sooner,  ho-ever.  Is  11  dlppefl 
la  a  ireak  gDlulion  of  clilsride  of  lime,  than  tbe  ratric  acid  BolE up  jiisl  that  amount  of  Iocs: 
deeoniposition  neceEBary  to  aflect  liie  liberation  of  the  chlorine,  vhlcb  immedlatalr 
bleaches  out  the  stamped  pattern,  leaving  the  nnstampad  portions  of  (he  ftbrio  iinchangei 
The  material  which  thus  effects  the  llberaUon  of  chlorine,  Li  termed  a  monfon^  and  the 
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axis,  the  wheel  is  caused  to  rotate  rapiillj,  and  the  cloth,  by  a; 
dashmgoft  e  water    sspi^i  y    nd   ho  o  ^hy  Vd^h  d 


The  Det:t  op,  on  cooBists  d  bo  nfc  the  cloth  in  an  alkal  no  eolunon, 
■wh  h  en  ov  3  all  he  grcaay  and  r  a  nous  matt  ra  T  a  b  effe  d  n  a  pi:- 
oul  ar  mtun  r  the  cloth  is  placed  n  la  ^a  vati,  on  a  g  a  ng  or  pcribraied 
false  bottom,  through  which,  from  a  eompartmeat  below,  rises  a  pipe,  furnished 
OQ  its  oxtrcniity  with  a  curved  iron  cover,  (See  Fig.  121.)  A.  boiling  solu- 
tion of  alkali  is  forced,  by  steam  pressure,  iVom  the  compartment  below  tlio 
vat  np  tlirough  this  pipe,  and  striking  again^  the  cover,  is  reflected  upon  tho 
goods  in  the  form  of  a  shower ;  thence  filtcrbg  through  the  texture  of  tlio 
cloth,  the  liquor  runs  back  into  the  lower  compartment,  lo  be  again  heated  by 
steam,  and  forced  up  as  before.  Tliis  process  is  continued  for  abont  seven 
hours,  and  at  its  conelnsion  the  color  of  Uie  cloth  is  darker  than  at  the  out- 
set The  dolli  is  tlieu  washed  agaht  in  tho  wheels,  and  next  sleepcil  in  a 
very  dilute  solution  of  chloride  of  lime,  in  large  vata,  for  about  sis  hours; 
it  even  then  is  not  white,  but  of  a  gray  appearance. 

In  the  next  process,  the  goods  are  steeped  for  four  hours  in  very  dilute 
sulphuric  acid,  when  a  minute  disengagement  of  chlorine  lakes  place  through- 
out Hie  substance  of  the  ciolh,  and  it  immediately  assumes  a  bleached  ap- 
pearance. The  same  operations  of  washing,  boiling,  hleacliing,  and  souring, 
are  then  sueeessively  repeated,  m  loss  tune,  until  at  length  the  cloth  is  perfectly 
whitened. 

The  lengUi  of  time  required  for  all  these  operations  is  flom  24  to  48  hours  ; 
one  parcel  of  goods  succeeding  anotlior  in  each  euocessivo  stage  of  the  pro- 
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CG39,  SO  that  aU  the  deparianonta  of  a  bleaoliery  aro  in  full  operation  at  tho 
samo  time.  The  labor  of  handling  the  doth,  which  may  seem  very  great,  is 
nearly  all  ppiformed  by  machinery,  with  great  rapidity,  at  a  rciy  slight  ex- 
pense— the  average  cost  of  bleaching  cotton  iabrica  not  eiceeding  ono  cent 


per  yard.    Cottons  subjected  to  bleaching  lose  about  10  per  cent,  iu  -vreight 
Wool  is  bleached  by  washing-,  and  exposure  to  the  vapor  of  burning  solphur. 


SECTION   TI. 


Equiaakn!,  121,     Sijmbol,  I.      Specific  gravily  of  vapor,  8"7. 

371.  History.— loiline  was  discovered  in  1811  hy  IL 
Courtoie,  a  chemical  manufacturer  of  Paris. 

He  noticed  that  a  dark-colored  liquor,  left  after  the  preparation  of  soda 
ftom  tlie  ashca  of  aca-wueds,  poworiblly  corroded  his  Iteltlcs,  and  that  when 
tmlphuric  acid  waa  added  to  the  liquor,  a  brown  substance  sepvated,  which 
on  the  application  of  heat  was  converted  into  a  violot-colored  vapor.  A  sub- 
a^qucnt  examination  showed  that  Uic  substance  in  question  was  a  new  ele- 
ment—Iodine. 

***.  JVtttural  Historj  — Iodine  is  widely,  but  sparingly  distributed 
in  nature.  In  the  inoi^anie  kingdom  it  is  a  constituent  of  all  sea- water,  of 
many  mineral  springs  (Saratoga,  Carlsbad,  etc),  and  also  of  certain  rare  min- 
erals.   In  tho  organic  kingdom,  it  esisls  probably  iu  all  marine  plants,  but 
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more  abundaiitlr  m  Borao  sppciPB  than  m  others  alao  m  EpoQgos,  in  tlio 
oyaDW  and  other  sea  muUuBki,  aud  id  Bonie  fi=liei  (i  e  coii  liver  oil).  It,  ia 
nlwaya  found  in  coirbinat  on  with  other  sub'tmcea — gen  nlly  as  iodido  of 
Bodium,  or  lodgnoa  ura 

372.  Pfeparalion . — The  greater  part  of  the  iodine  of  commerce  is 
manuEictured  at  Glasgow,  from  "  kelp,"  which  is  tlio  asiiea  of  aea-weeda  col- 
lected and  buraed  upon  tlio  coasla  of  Scotland  and  Ireland.  The  kelp  is 
treated  with  water,  which  diasolTes  out  a  large  quantity  of  soluble  saline 
raattciB — carbonate  of  soda,  coniimoii  salt,  chloride  of  magnesiuni,  etc  Whoa 
these  subatauces  are  separated  ftora  tlie  solution  by  parlJal  evaporation  and 
crystallization,  there  remaina  behind  a  dark-colored  liquor,  which  contains 
iodine.  Thia  is  healed  with  sulphuric  acid  and  peroxyd  of  manganese,  when 
the  iodine  distila  over  aa  a  purple  vapor,  which  is  collected  in  receivers  and 
condensed  to  a  sohd  by  cooling.  A  ton  of  kelp  yields  B  pounds  of  iodina 
The  chief  uses  of  ioihno  are  for  medidne,  photography,  and  to  some  extent  in 
dyeing. 

373.  Ptopertlos . — Iodine,  at  ordinary  temperatures  and  pressore^  la 
a  solid,  and  is  generally  obtaiued  by  cryalallization  in  the  Ibrm  of  bluish  bhitk 
scales,  which  possess  a  brilliant  and  somewhat  metallic  luster  Exposed  to 
heat,  it  hquefies  at  225°  F.,  and  boils  at  350°,  forming  a  mogaiScent  purple 
vapor,  from  whence  it  derives  its  name  {laiti;,  Kiolet-colored).     Tins  property 

Fio  122  ""^  ^  beautiiMly  illustrated  by  heatir^  a  few  grains  trf 
iodine  in  a  glass  Hask,  or  teat  tube,  over  a  spirit  lamp  (See 
Fig.  122)  On  withdrawing  the  heat  the  vapor  condense?, 
and  forms  brilliant  crystals  of  sohd  iodino  upon  tho  sides  of 
(lie  flask. 

Dropped  on  a  red  hot  surtkce  iodino  mrlt?,  and  aa  a  hquid 
asaiimca  tho  spheroidal  state  {§  164),  farming  a  splendid  ex- 
Iodine,  when  taken  inwardly,  acts  in  large  dosea  as  an  ir- 
ritant poison ;  but  in  small  quantities  it  is  a  must  valuable 
medicine.  Long  before  its  discovery,  the  ashes  of  a  burnt 
sponge  wore  often  prescribed  aa  a  moat  eKcacious  remedy  Gdt 
certain  diseases.  Their  effect  is  now  known  to  have  been 
due  to  the  iodine  contained  in  them,  lodme  stains  the  skin  and  most  or- 
ganized sobstaneea  of  a  brown  color,  and  gradually  corrodes  them.  Water 
forms  with  it  a  yellow  solution,  but  dissolves  it  only  in  very  small  quantity — 
I  part  in  7,000.  Ita  bleaching  properties  are  very  feeble.  Alcohol,  ether, 
and  solutlona  of  the  salts  of  iodioe,  dissolve  it  freely. 

374.  Iodine  attacks  the  metals  rapidly.  Iron  or  zinc  placed  in  water  with 
it  are  readily  dissolved,  an  iodide  of  the  metal  bemg  formed.  Some  of  the 
combinations  of  iodine  with  the  metals  are  remarkable  for  their  brilliant 
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colors.  An  illustration  of  this  forma  an  easy  and  striking  osperitnont  Tlace 
in  tliree  test  tubes  a  solution  of  iodide  of  putaasium  in  water ;  if  we  add  to 
the  first  a  few  drops  of  a  solulion  of  meroury  (corrosive  sublimate),  we  ob- 
tain a  beautiful  salmon-colored  precipitate,  wliicli  almost  imniediatelj-  changes 
lo  scarlet.  A  solution  of  sugar  of  lead  added  to  tlie  second,  produces  a  bright 
jellow  precipitate ;  and  a  solution  of  subnitrate  of  mercury  added  to  the 
third,  a  green  precipitate. 

The  distinctive  test  for  iodine  ia  a  solution  of  starch,  with  wluch  it  strikes 
a  deep  blue  color.  The  solution  must,  however,  bo  cold,  and  no  alkah  must 
be  present.  This  may  be  illustrated  by  eiperimeot  as  fbllowa; — Draw  or 
paint  upon  a  sheet  of  paper,  figures  in  starch  past«,  and  expose  the  paper  to 
the  vapor  arising  from  iodine  thrown  upon  a  hot  surfece.  The  figures,  which 
were  before  colorless,  immediateiy  become  blue.  If  a  little  of  the  tincture  of 
iodine  be  dropped  upon  flour,  potatoes,  etc,  the  presence  of  starch  in  these 
bodies  will  be  indicated. 

Iodine  unites  with  hydrogen  to  form  an  acid,  hydiiodic  acid,  HI,  and  with 
oxygen,  in  several  proportions,  to  form  both  osyds  and  acids.  Its  principal 
oxygen  compound  ia  iodic  acid,  lOs. 

The  most  important  compound  of  iodine  is  that  which  results  IVom  its  union 
with  potassium,  forming  a  white  oryslalligable  salt,  the  iodide  of  potasaum, 
also  termed  the  "  bydriodate  of  potash"  (Kl).  It  is  in  this  condition  that 
iodine  is  chieSy  used  in  modiciue,  and  also  in  photographic  operations. 

SECTIOK    Til. 


EqmvaUnt,  80.     Symbol,  Br.     Specific  gravity  of  vapor,  53, 

375.  nistory — Bromine  was  discovered  by  M.  Ballard, 
a  French  chemist,  in  1826,  in  the  "  mother,"  or  residual 
liquor  left  after  the  crystallization  and  separation  of  the 
salts  of  8ea-wai:er. 

376.  Dii  t  r  i  bulion. — It  exists  in  all  sea-water  in  minute  quantity, 
generally  in  the  proportion  of  about  one  grain  to  the  gallon;  and  for  the 
most  part  in  combination  with  magnesium,  forming  bromide  of  magnesium. 
It  is  also  found  in  certain  mineral  springs,  and  m  a  few  minerals. 

377.  Preparation . — Bromine  is  prepared  by  passing  into  the  mother 
liquor  of  sea-water  a  stream  of  chlorine  gas,  and  then  agitating  the  liquor 
with  ether.  The  chlorine  sets  the  bromine  free  from  its  comhinationfl,  and 
the  ether  dissolves  it  After  standing  for  a  little  time,  the  etherial  solution, 
having  a  fine  red  color,  separates  and  floats  at  tlie  top, 

378.  Properties . — ^Bromine,  at  ordinary  temperatures  and  pressures, 

QnisTioNa.— Wlrtt  Is  thf  aistinctlTe  test  of  iodiiiel  Wlnt  is  Uie  prlncipil  «alt  nf 
liiuatmet    Uov  is  liiomlaa  obtoimid  t    Whut  >re  lU  prof  ertJes  r 
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is  a  red  liquid,  so  deep  in  color  as  to  be  noarly  opaque.  It  is  extramelj'  vola- 
tQe,  and  can  only  be  preserved  iu  very  close  vessels.  A  few  drops  slightly 
warmed  in  a  glass  flask,  will  flE  tlio  vtascl  with  blood-red  vapors.  Its  dor 
is  somewiiat  like  ehlorino,  but  more  offensive  ;  hence  tlie  name  Bpu/ioc,  bad 
odor.  When  swallowed,  it  acts  as  a,  deadly  poison,  and  a  singlo  drop  upon 
tlio  beak  of  a  bird  is  said  to  ocoaaon  instant  death.  It  rapidly  destroys  all 
organic  tissues,  and  stains  tlio  skin  pormaooiitly  yellow.  It  boils  at  145°  F., 
and  when  exposed  to  a  cold  of  — 10°  P.,  freezes  uil«  a  cryHtallino  sohd. 
Bromine  bleaches  like  chlorine,  is  sliglitly  soluble  in  water,  but  dissolves  freely 
in  alcohol  and  ether.  It  combines  directly  wiOi  many  of  the  metals,  and 
forms  bromides — the  act  of  combination  bying  often  aeoompaQied  with  an  ox- 
plosive  evolution  of  light  and  heat.  This  may  be  experimentally  shown  by 
caulioosly  pouring  a  stniUl  quantity  of  powdered  antimony  or  tin  upon  a  few 
drops  of  bromine  contained  in  a  dt-cp  strong  glass.  In  short,  the  properties 
of  bromine  greatly  resemble  thoso  of  chlorine,  but  they  are  less  strongly 


Bromine  is  extensively  used  in  photographic  processes,  and  & 
niedicine. 

But  one  compound  of  bromino  and  o.iygcn  is  known,  vii., 
BrOs ;  it  also  unites  with  hj-dropcn  to  form  an  acid,  hyJrobromio 

SECTION    VIII. 


Egmvaknt,  19.      Symbol,  F.     Theoretiail  Density,  1-31. 

379.  History.  —  Of  this  element  but  little  is  known 
except  from  its  compounds. 

Its  afBiiiUes  for  the  other  elements  ero  so  powerful,  and  its  action  on  the 
hmnan  system  is  so  deleterious,  that  its  isolation  has  been  regarded  aa  almost 
imposable.  Witliin  a  comparatively  recent  period,  however,  several  chemists 
have  succeeded  in  separating  it  from  all  other  bodies,  in  the  form  of  a  colorless 
gas.  In  its  general  nature  and  properOes  it  undoubtedly  resembles,  and  is 
closely  allied  t^  chlorine,  bromine,  and  iodine. 

The  only  compound  in  which  it  exists  in  nature  in  any  abundance,  is  a 
compound  of  lime,  called  fluor-spar,  or  fluoride  of  eaidum.  This  mineral  is 
found,  in  great  quantity  and  beauty,  in  Derbyshire,  England,  and  ttom  it 
tho  well-known  oruamenta  known  as  "Derbyshire  spar,"  are  manufactured. 
Fluorine  is  also  found  in  a  great  variety  of  other  minerals,  ajid  exists  in  mi- 
nute quantities  in  llie  bones  ofaulmals,  and  in  the  onamel  of  the  teeth. 

Compounds  containing  fluorine  eau  bo  docomposed  without  dilficulty,  and 
the  fluorine  transferred  fVom  one  body  to  another;  but  so  great  is  ila  afllnity 
for  the  metals,  and  lor  silicon,  a  constituent  of  glass,  that  in  passing  out  Irom 


HnjtcdbyGoOglc 


FLUORINE,  257 

a  state  of  combination,  it  combines  again  imniodiately  with  tho  raalcrial  of 
the  TesBcl  containing  iL 

379.  Hydrofluorie  Acid,  HP.— Fluorine  is  not  known  to 
unite  with  oxygen  under  any  circumstances,  but  with  hy- 
drogen it  forms  a  very  remarkable  compound,  "  hydroflu- 
oric acid." 

Tiiia  auhatanco  is  formed  by  lieating  powdered  fluor-spar  with  strong  sul- 
pliuric  acid,  in  a  platiauni  or  lead  retort,  furnished  with  a  receiver  of  Die  sama 
metal,  which  is  kept  cool  b;  immeidon  in  a  freezing  mixture.  The  ctiemical 
reaction  which  tnkea  place  may  be  expressed  as  foUowa : — 


CaP      +     SO3  HO     —     CaO,  SOa     +      HI' 

The  acid  thus  obtained  is  a  gaa  at  ordinary  tomperaturcs,  hu  13  nd  ni- 
ible  by  cold  into  a  volatJlo,  colorleaa  liquid,  which  evolves  while  auff  ca  g 
fumes  on  espoaure  to  the  air;  ita  altraclion  for  water  ia  very  gr  ad 
when  poured  into  it,  it  hisses  lilto  a  red-hot  iron.     As  rapor        d  a 

aqueous  solution,  it  attacks  and  readily  dissolves  glass,  and  all  mpo  a 
contdning  silici,  together  with  some  mineral  substances  that  no  other  acid 
can  affect     This  property  is  often  made  aviulable  for  etching  upon  glass. 

In  its  most  concentrated  form,  iiydroHuoric  acid  is  a  most  dangerous  sub- 
stance, and  is  more  destructive  of  animal  tissues  than  any  other  known  agent 
Tiie  most  minute  drop  upon  the  skin  oecasiotis  a  deep  and  painful  bum,  often 
torminating  in  an  ulcer  difScult  to  cure.     Ita  vapor  is  also  in  the  highest  de- 


Tho  peculiar  action  of  hydroHuorie  add  vapor  upon  Bla.«a  may  bo  easily  illus- 
trated without  danger,  by  the  following  experimenL  Place  in  a  small  leaden 
dish,  or  an  earthen  cup,  tho  interior  of  which  lias  been  slightly  oiled,  a  httie 
powdered  fluor-spar,  and  add  strong  solphurio  add,  Fia.  122. 

sufficient  to  form  with  it  a  thin  paste.  Cover  the  cup 
ivitii  a  piece  of  window-glass  which  has  received 
a  coating  of  wax,  and  from  some  parts  of  which 
tlio  wax  has  been  removed,  by  scratching  with  a 
needle  or  other  pointed  instrument.  (See  Fig.  122.)  ■ 
After  the  lapse  of  some  hours,  remove  the  wax  by 
melting  and  washing  vfith  oil  of  turpentine,  when  those  parts  irf  the  glass  left 
bare  will  ba  found  to  be  deeply  corroded.  The  same  result  can  also  be  ch- 
imed in  tlie  course  of  a  few  minutes,  by  a  gentle  application  of  heat  to  tho 
cup  cont^ning  the  mixture. 
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I,  IG.     Symbol,  S.     Specific  gravity,  I'DS,  in  vapor,  G.G5. 

380.  Natnral  History  and  Distribnlion.  —  Sulphur  is 
an  element  abundiintly  distributed  in  nature,  most  exten- 
sively as  a  mineral  product,  but  widely  and  in  small  (Quan- 
tities as  a  constituent  of  animals  and  vegetables.  It  bas 
been  known  from  the  most  remote  antiquity. 

Sulphur  is  found  in  a.  natWe,  or  nncombiaed  state,  in  bH  volcanic  dL'^ricta ; 
and  in  Sicily  and  in  Eomo  parts  o!  South  America,  it  esista  in  immense  boda 
la  tbe  emtli.  Manj'  of  tlie  compounds  of  sulphur  with  tha  metals  occur  as 
natural  productions  in  groat  abund.ince,  especially  the  sulphoreta  (sulphides) 
of  iron,  copper,  lead,  and  zinc.  The  sulphuret  of  iron  (iron-pyrites)  is  e»en 
employed  as  a  source  of  sulphur.  In  an  oxydiaod  coodition,  as  sulphuric  acid, 
it  is  still  more  widely  diffused  in  combioation  with  various  oarths,  as  tlie 
sulphates  of  lime,  magne^  baryta,  etc.  Nearly  one  half  the  weight  of  sul- 
phate of  lime  gypsum,  or  plaster  of  Paris)  is  sulpliur. 

381.  Most  of  the  sulphnr  used  in  the  arts  is  obtained  from  Sieily  and  tho 
volcanic  districts  of  southern  Italy,  the  former  expordng  about  I,S40,000 
cwts.  Jfearly.  It  ia  generally  subjected,  on  the  spot  where  it  is  dv^  from  tho 
earth,  10  a  rough  puriflcation  by  fusion,  and  is  brought  into  commerce  in  the 
form  of  amorphous,  or  semi-orystalline  masses.  Anotiier  commercial  form  ia 
roll  sulphur,  or  brimstone^  which  is  generally  the  produce  of  roasting  the 
sulphurets  of  iron  and  copper  (pyrites),  collecting  the  evolved  fumes  in  con- 
den^g  chambers,  and  subsequently  fusing  the  sulphur  into  sticks.  "  Flowers 
of  sulphur,"  a  powder,  is  a  third  commercial  slafe  which  this  element  is  mado 
to  assume ;  and  is  produced  by  distUling  sulphur  and  condensing  the  vapor. 

382.  Properties . — Sulphur  in  its  ordinary  condition  is  a  yellow,  brit- 
tle solid,  which,  by  warmth  and  friction,  emits  a  characteristic  odor  (brim- 
stone odor).  It,  is  insoluble  in  water,  and  consequentiy  tasteless ;  it  is  very 
sUglitly  soluble  in  alcohol  and  eUier ;  more  so  in  oil  of  turpentine  and  some 
other  oils ;  and  readily  in  the  bisulphide  of  carbon.  It  is  a  bad  condnctor  of 
heat ;  and  a  roll  of  sulphur,  when  grasped  by  tlie  warm  hand,  crackles  and 
frequently  &ll8  in  pieces  from  unequal  expansion.  It  is  a  non-conductor  of 
olcctridty,  but  when  rubbed  develops  negative  electriraty  abundantly. 

Sulphur  is  highly  inflammable,  burning  with  a  blue  fl^ne,  and  emitting 
ouffooaldng  fumes  of  sulphurous  acid,  (the  ikmiliar  odor  of  a  match).  It  has  a 
powerful  affinity  for  most  of  the  other  elements,  aad  its  act  of  combination 
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wit!)  the  metals  lo  form  enlpliides,  or  sulphurcts,  ia  often  attended  with  aa 
evolution  of  light  and  hoat.  Tliis  fact  may  bo  oxperimantally  illustrateil  by 
placing  in  a  flask  a  few  fragmenta  of  sulphur,  and  above  them  some  copper 
tuminga ;  on  tlio  application  of  heat  from  a  Bpirit-larap,  vapor  of  sulphur 
risea,  and  coming  in  contact,  with  the  copper,  eutera  into  vivid  combinafco 

383,  Allotropism  of  Snlpliur, — One  of  the  most  re- 
marbiblo  characteristics  of  sulphur  is  its  allotropism,  or 
power  of  existence  in  different  states. 

The  Qrst  indication  of  this  power  ia  perhaps  to  bo  found  in  tho  fad,  that  it 
ia  capable  of  aissumiiig  two  distinct  crystalline  forms.  These  are  not  merely 
nodificatjona  of  one  original  primary  f  gure  (lo  which  cau^  most  crystalline 
variations  can  be  referred),  but  tliey  belong  to  two  different,  in-  j>i(j_  123, 
convertible,   and  incompatible  systems  of  crystallization,   viz.,  a 

oblique  rhombic  prisms  and  riglit  rectangular  piiana.     Esaurplos      //  \ 
of  the  first  form,  Fig.  123,  (octohodrons  derived  from  oblique  /j\    \ 
rhombic  prisma),  occur  in  native  sulphur,  or  in  sulphur  crystal-  y^  2^4 
lized  fkim  a  solution.     Examples  of  the  secood  form  may  be  ob-    \  i;      / 
tained  by  melting  a  quantity  of  sulphur  in  an  earthen  crucible,      Vj  / 
und  allowing  it  to  solidily  on  tho  sur&co ;  if  the  crust  be  then        V 

Tj.,.    101  pierced  with  a  hot  wire,  the  fluid  portion  beneath  may 

bo  poured  ofl',  when  tho  interior  of  the  crucible,  on  cool- 
ing, will  be  found  to  be  lined  with  slender  needles,  or 
nght  rectangular  prisms.     (See  F^.  134.) 
&j     Both  forms  of  crystals  may  he  obtained  by  dissolving 
^E  sulphur  in  boiling  oil  of  turpentine ;  as  the  solution  cools, 
f  tho  sulphur  crystallizes  out,  first  in  the  form  of  prisma  i 
but  afterward,  as  the  temperature  is  reduced,  oolohedroiia 
jrmed. 

The  power  pc,ase=sed  by  sulphur  of  manifesting  itself  under  two  condi- 
tions IS,  however,  most  strikingly  iUuatratcd  by  certain  phenomena  of  its 
melting  and  subsequent  cooling.  Thus,  if  we  heat  a  small  quantity  of  sulphur 
in  a  glass  flask  over  a  spiril-lamp,  it  melts  at  a  temperature  of  250-280°  F., 
mto  a  clear,  yellow  liquid.  If  a  portion  of  this  liquid  bo  poured  into  cold 
water,  it  immediatoly  condenses  into  the  state  it  had  beG>ro  melting — that  is, 
into  common,  yellow,  brittle  sulphur.  If  to  tho  portion  remaining  in  tlio 
flask  a  stronger  heat  bo  applied  (about  500°  F.),  the  transparent  fluid  gra- 
dually thickens,  becomes  brown  at  first,  and  at  last  nearly  black  and 
opaque,  in  this  condition  the  viscidity  of  the  sulphur  is  such,  that  the  flask 
may  be  inverted  without  escape  of  its  contents.  If  the  heat  be  stQl  fiirther  in- 
creased, the  black,  tenacious  sulphur  once  more  liquefies,  though  it  never  be- 


13  HiM  of  the  ullntroplsm 
ly  lbs  aUotrapic  propoitli 


of  sulphur 


HnjtcdbyGoOglc 


ZOU  INORGANIC      CHEMISTEY. 

comes  Hs  fluid  as  wiien  first  melted,  at  tlio  temperature  of  226"  F.,  nnd  if 
Buddonly  cooled,  by  pouring  it  in  a  slender  Btreani  into  oold  water,  it  aasumca 
a  moat  singular  stato.  It  ia  no  longer  yellow  and  brittle,  like  ordinary  sul- 
phur, or  like  the  product  of  pouring  into  water  the  first  result  of  fusion,  but 
it  remfuoa  soft,  teuaeioua,  highly  elastic,  and  of  a  brown  color,  resembling,  in 
all  its  osternal  characteristics,  strips  of  India  rubber  or  gutta  percha.  In  this 
Cirm  it  can  bo  molded  by  tho  hand,  and  may  b«  used  to  take  impressions  of 
sjals,  medallions,  cUs.  Afler  the  lapse  of  a  little  time,  it  again  becomes  yel- 
low, and  returns  to  its  or^nal  brittle  condition,  giving  out  in  the  translbrma- 
lion  B  quantity  of  latent  hoat. 

384.  Milk  of  N  II  i  p ll  u  r  —If  we  add  to  a  strong  boiling  solution  of 
potash  or  soda,  a  little  of  the  flowers  of  sulphur,  a  part  of  tho  sulphur  dlK- 
Bo'.ves,  and  imparts  to  the  liquor  a  ydlovrisli-brown  color.  If  a  littlo  of  tlie 
clear  solution  be  added  to  water,  slightly  acidulated,  the  acid  will  unite  with  tlio 
alkali  holding  tho  sulphur  in  solution,  and  causo  the  sulphur  to  be  precip- 
itated iu  the  form  of  exceedingly  minute  particles,  giving  to  the  water  a 
milky  appearance.  Sulphur  in  Uits  Ibrm  is  nearlj  white  in  appearance,  and 
I3  known  as  '■  MQk  of  Sulphur,"  or  "Precipitated  Sulphur." 

In  tlie  ol^anic  kingdom  sulphur  ia  exten^vely,  and  perhaps  universally 
diifused  throt^tiout  anim^  substances,  and  exists  in  small  quantities  in 
most  vegetables.  The  well-known  blackening  of  a  sHver  spoon  immersed  for 
some  time  in  a  boiled  e^,  is  due  (o  tho  presence  of  sulphur  in  tlie  e^.  Tho 
presence  of  sulphur  also  in  a  piece  of  flannel  may  be  strikingly  demonstratcil 
by  unmeraing  the  cloth  in  a  mixture  of  Oiyd  of  lead  in  a  solution  of  potash  ; 
on  applying  heat,  tlie  flannel  immediately  turns  black. 

385.  CompouDds  of  Sulphur  and  Oxygen. — Thecompounds 
of  sulphur  with  oxj^n  are  numerous,  hnt  only  two  of  them  demand  an  ex- 
tenavo  notice ;  these  are  Sulphurous  acid,  SO5,  formed  by  the  union  of  ono 

equivalent  of  sulphur  with  two  of  oxygen;  and 
Sulphuric  acid,  S0>,  formed  by  the  union  of  ouc  of 
sulphur  and  three  of  oxygen. 

38fi.  Sulphnrans  Acid,  SOaisform- 
eil  when  sulphur  is  burned  in  oxy- 
gen (See  Fig.  125)oi  atmosplieric  air ; 
and  IS  tho  occasion  of  the  w(.ll  known 
Buft  >citing  odor  of  in  ignited  nrjf th 
^  It  exists  m   nature  m   the  viLinity 
loLanocs,  and   11   often   e^  l\ed 
^in   immense    quantities    fiura    tl  eir 
cr iters 
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■When  required  in  o  pure  elate,  it  ia  best  pre- 
pared by  depriving  oQ  of  vitriol  of  a  part  of  ila 
oxygen.  In  order  to  eifect  this,  two  or  tliree 
ounces  of  conceatrated  sulphuric  acid  ore  boilod 
in  a  ^ass  retort  or  flaak,  with  a  half  an  ounce 
of  copper  turnings;  pieces  of  oliarcoal  miy  to 
BubaUtuted  in  place  of  the  copper,  but  the  gas 
evolved  under  audi  ciroumstaneoa  ia  not  pure. 
In  this  process,  a  part  of  the  acid  gives  up  one 
equivalent  of  its  oxygen  lo  the  metal,  and 
sulphurous  add  gas  ia  liberated  ;  tlio  oxyd 
of  the  metal  produced,  unitea  with  a  portion 
of  undecomposed  acid  to  form  a  sulphate. 
Thus:— 


Cu  +  3S0,  —  CuO,  SO,  +  SOj. 

By  allowing  the  gas  to  bubble  through  water,  a  strong  solution  will  bo  ob- 
tained, which  may  ba  used  for  illustrating  the  proportius  of  sulphurous  acid. 

381.  Properties . — Sulphurous  acid  is  a  colorless  gas,  with  a.  cliarac- 
teristio  odor,  easily  eoiidensible  by  eoM  or  by  proaauro,  into  a  colorless,  limpid 
liquid.  "Water,  at  60"  F.,  absorbs  from  40  to  50  times  its  volume  of  sulphur- 
ous acid,  and  fijnna  thereby  a  strongly  acid  liquid.  Hence  it  is  necessajy  to 
collect  this  gas  over  mercury  or  hy  the  displacement  of  air  from  dry  vessels. 
Its  avidity  for  water  is  so  great,  that  a  piLct  of  ico  introduced  into  a  jar  of 
it,  is  instantly  liquefled. 

Sulphurous  amd  is  not  inflammable,  and  a  lighted  candle  immersed  in  a 
jar  of  the  gaa,  is  immediately  estingu  si  ed  fir  the  want  of  free  oxygtn.  1 
most  certain  way  of  extinguishing  a  ehimney  on  Are  is  to  scatter  fijwers  of 
sulphur  on  a  pau  of  coals  in  a  flreplace-openmg  beneath  Tlie  Bul[  humus 
acid  gas  formed  by  the  combustion  of  the  sulphur  ascends  the  flue  expels 
the  atmospherio  air  present  in  it,  and  by  depriving  the  bummg  soot  of  free 
oxygen,  extinguishes  it 

Sulphurous  add  possesses  bleachmg  propert  es  andisextensivdy  empbyed 
in  bleaohing  straw  and  wool  Tiio  articles  are  moiate  lod  and  suspended  in 
dosed  chambers  in  which  sulphur  is  burned  m  an  open  dish  (au  mverled 
barrel  is  often  made  to  subserve  the  purpose  cf  a  bleach  ng  ohamler)  The 
■uiphuroua  acid  is  absorbed  by  the  dxmp  goods,  and  discharges  their  col  r 
The  bleaching  action  appears  to  be  due  to  the  Eicl,  that  the  gaa  unites  witli 
the  coloring  matters  to  form  colorless  compounds.  It  does  not,  like  chlorine, 
decompose  and  destroy  the  coloring  matter,  since  by  the  action  of  a  stronger 
chemioal  agent,  the  colorless  compound  may  be  broken  up  and  the  ori^nal 
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color  restored.  ThLf  may  be  iilustratecl  by  liolding  a  red  rose,  or  any  other 
red  flower,  over  a  bil  of  burning  sulphur,  Tke  color  is  speedily  dischai^d, 
but  may  be  again  reatored  by  waahing  with  dilute  sulphuric  acid.  Wbite 
flannel  which  bas  been  bleached  by  sulphuroua  acid,  when  washed  for  tho 
first  tunc  with  an  alkaline  soap,  has  ita  oripoal  yellow  color  ia  part  restored 

Sulphuroua  acid  is  also  valuable  as  a  diaintcting  agent. 

The  compounda  of  sulphurous  acid  with  the  bases  aro  termed  sulphites. 
Tlie;  are  readily  formed  by  transmitting  a  stream  of  gas  through  water  ia 
K-liich  the  oxjd  or  the  carbonate  of  tlie  metal  is  dissolved  or  suspended,  tho 
carboaatea  being  decomposed  with  effervescence.  The  sulphite  of  soda  is 
knoivn  in  commcrco  aa  aniichiorint ;  since  its  solution  in  crater  is  able  to 
neutralize  tiio  ohlorino  which  may  rem^u  in  fubrlca  alter  bleaching,  and  thus 
I>reventa  its  destructive  action. 

388.  Sulphuric  Acid,  8  Oa.— This  acid  is  one  of  the  moat  impor- 
tant of  all  chemical  reagents,  and  furnishes  the  means  by  wliich  most  other 
acids  are  prepared.  Immense  quaotitiea  of  it  are  cousumcd  in  the  manu- 
factore  of  carbonate  of  aoda,  nitric  and  hydrocliloric  acida,  ciiloriuo,  alum,  sul- 
pliata  of  copper  (blue  vitriol),  stearine,  phosphorus,  etc,  and  in  dyeing-,  and 
in  the  reliniug  of  llie  precious  motala.  Its  annual  consumption  in  Great 
Britain  alone  is  upward  of  twenty  millions  of  pounds. 

389.  Pr  e  pa  ra  I  ion. — It  has  been  already  stated,  tliat  when  sulphur  Is 
burned  in  air,  or  oxygen,  llie  product  is  aolphurous  acid.  This  gas,  if  made 
to  combine  with  half  as  much  oiygen  again  as  it  already  contains,  ia  converted 
into  sulphuric  add;  thus  SOj-j-O^SOa.  In  other  words,  sulphurous  acid 
mnst  be  oxydized  in  order  to  enable  ua  to  form  sulphuric  acid.  Oxygen  and 
Kulpiiuroos  acid  can  not,  however,  be  made  to  unite  directly,  but  the  intei^ 
vention  of  some  third  substance  ia  ncccasary.  In  the  prcjence  of  water,  tlio 
union  takes  place  slowly,  or  if  the  tivo  gaacs  be  mixed,  and  passed  over 
spongy  platinum,  the  union  is  effected  immediately 

Neither  of  tiiese  processes  can,  however,  be  used  with  advantige  in  tho 
arts;  and  the  manufacture  of  sulphuric  acid  upon  a  large  scale  depends 
upon  the  fact,  tliat  when  sulphurous  acid  mixed  w  ith  oxj  gen  la  brjuglit  m 
contact  with  deutoxyd  of  nitrogen  (NOs),  or  ary  ol  tlie  other  higher  oxids 
of  nitrogen,  combination  taltes  placo  with  great  rapidity ,  the  presence  of  a 
very  small  proportion  of  deutoxyd  of  nitrogen  being  moreover  BUfhcient  to 
effect  the  combination  of  an  almost  indefinito  amount  of  suiphuijus  a(.id  and 
oxygon,  provided  that  water  is  also  present. 

The  following  experiment  will  serve  to  illustrate  tho  general  prmciplo  upon 
which  sulphuric  acid  ia  manufiictured.  Burn  in  a  jar,  containing  a  little  water 
at  the  bottom,  a  piece  of  sulphur;  as  a  conaequonce,  the  vesaol  becomes  filled 
with  sulphuroua  acid.     If  we  now  introduce  into  the  gaa  a  shaving,  moist- 
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enoil  with  nitric  acid,  re  ddisli-colorc J  fumes  will  immediately  form  around  tlio 
wood,  and  gradually  fill  Uie  whole  vessel.     (See  Fig.  127.)      pm   527. 
rliese  ftimes  are  nitrous  acid,  and  are  produced  by  the  ao 
tjon  of  the  Bulplinrous  acid,  which  decomposes  the  nitric  auid, 
nnd  by  depriving  it  of  2  equivalents  of  oxygen,  becomes  aul- 
phurio  acid.    Thus  r 

GulpkiirHHiB  mad.  Njinc  ar\i.  Sulpjiurlc  B?[d.  I^LroDi  acU. 

2S0,   +   NO,  —  2S0,  +   NOb. 
The  vapor  of  the  sulpliuric  add  formed  ia  absorbed  by  the  W 
water  in  the  jar,  and  by  repeating  tlie  experiment  several  K 
times,  a  quantity  of  dilute  sulphuric  acid  may  bo  prepared. 

Oil  a  largo  ECalo,  II10  operation  of  manufacturing  sulpliuric  acid  a 
tially  the  sa:ne  in  principle,  and  may  bo  described  as  follows:  immense 
chambers,  lined  with  lead,  arc  constructed ;  in  some  instances  300  feet  long, 
15  feet  high,  and  2(1 
broad.  (See  Fig.  128.) 
=  The  floor  of  these  cliam- 
is  covered  to  tho 
h  of  a  fjw  inches 
with  water,  and  at  oi  e 
extremity  there  ia  ad- 
mitted by  a  suitable  flue,  B,  sulphurous  acid  (tVom  a  furnace  of  burning  sul- 
phur), with  ntmoapherio  air ;  hy  another  pipe.  A,  steam ;  and  by  a  third,  C, 
vapors  of  nitric  acid  (obtained  by  heating  nitrate  of  soda  with  strong  sul- 
phuric amd).  When  these  several  subataneea  meet  witliin  the  chambers  a 
most  mteresting  and  curious  series  of  reactions  take  place ; — the  sulphurous 
add  withdraws  oxygen  from  the  nitric  add  vapor,  NO',  and  converts  it  into 
dontoxyd  of  nitrogen,  NOi,  itaelf  changing  into  sulphuric  add,  SOj.  Tliia 
last  prodvict  tlien  uniting  with  the  steam,  is  precipitated  to  the  bottom  of  tlie 
chamber,  anl  is  absorbed  by  the  water.  The  deuloxyd  of  nitrogen  does  not 
remain  unaltered,  but  m  contact  with  tlio  air  admitted  into  the  chambers, 
absctfijs  two  equivalouls  of  oxygen,  and  becomes  converted  into  peroxyd  of 
nitrogen,  NO*,  forming  red  (umea  (§  347).  These  in  turn,  by  contact  with 
tiio  sulphurous  add,  give  np  their  newly-acquired  oxygen  I0  form  sulphuric 
acid,  and  are  reconverted  ;^n  thereby  into  deutoxyd  of  nitrogen.  And 
this  process  is  repeated  over  and  over  again,  a  smalt  quantity  of  deutoxyd  of 
nitr<^en  acOng  as  the  intermediate  ^ent  for  withdrawing  oxygen  from  tho 
air,  first  Co  itself)  and  afierward  giving  it  up  to  oxydate  the  sulphureus  add. 
Tlie  doat«xyd  of  nitrogen,  together  with  tho  remaining  nitrogen  of  the  air, 
is  finally  allowed  to  escape  at  the  farther  extremity  of  the  chambers,  and  a 
tresb  porUon  of  nitric  add  vapor  is  admitted  to  supply  its  place,  and  com- 
mence the  reactions  anew.  The  steam  admitted  into  the  chambers  does  not 
take  any  active  part,  but  its  presence  is  essential  to  llie  success  of  the  opcra- 


.actelt    Wliktre 


HnjtcdbyGoOglc 


264  INORGANIC     CEEMISTRT. 

tion.*  Tha  chambera  in  whicb  the  acid  is  manuEKtured  are  MuaJly  divided 
into  partitions,  in  order  tliat  the  gases  may  mil  togetlier  Hiowiy  aod  cooi- 
pletel}-,  before  reaching  am  exit  tube  piacod  at  the  further  extremity. 

The  suiphuric  acid  whicii  eoilects  in  the  water  at  the  bottom  of  the  cham- 
bers, ia  drawn  oEf  when  it  reachea  a  spooifio  gravity  of  aliout  1  '5  ;  it  is,  how- 
evat,  in  this  slate  too  liilote  (or  sale,  and  is  accordingly  evaporated  by  host  ia 
Bliailow  load  pans,  until  it  becomes  strong  enough  to  corrode  the  lead,  vphen 
it  is  Iransferred  into  glass  or  platinum  retorts, -f-  and  further  heated  until  it 
attains  a  specific  gravity  of  ISi  In  this  condition  it  constitutes  the  oon- 
central^d  oil  of  vitriol  of  commerce,  and  is  transported  m  carboys,  or  largo 
glass  bottles  packed  in  boxes.  As  thus  produoad,  it  is  a  dellnite  hydrato, 
composed  of  1  equivalent  of  acid,  and  1  of  water  (SC^  HO).  This  proportion 
of  water,  amounting  to  three  ounces  in  every  pound  of  acid,  is  held  bo  firmly 
that  it  can  not  be  driven  o£f  by  heat     (See  g  322.) 

330.  Nordhausen  Sulphuric  Acid  — In  early  Umes  sulphuric 
acid  was  obtained  by  distilling  dry  sulphate  of  iron  (green  vitriol)  in  earthen 
retorts,  at  a  iiigh  temperature.  Aa  thus  prepared,  it  is  a  djrk  brown  tl  ck 
ofly  liquid,  and  was  originally  called,  from  ta  derivation  ail  of  v  IruiL  It 
is  the  most  concentrated  form  in  whldi  sulphur  c  at  d  can  eiist  m  a  flu  d 
conditjon,  and  eontains  less  water  than  th  ordinary  concentrated  sui^  hun 
acid.  When  exposed  to  Iho  air  it  (hmea,  and  when  d  opped  mto  water 
hisses  like  a  red  hot  iron.  As  acid  in  tl  ^  state  of  c  n  enCrat  on  ts  requ  red 
for  certain  processes  in  the  arts,  it  is  still  prei  ared  n  tl  e  H  way  ospe  laliy 
at  the  town  of  Nordhausen,  in  Saxonj    Germans  — hence  its  commercial 

Sulphuric  acid  is  known  lo  combine  w  th  water  m  four  proport  <m%,  form  ng 
four  definite  hydratoa.    Their  composition  may  be  illustrated  as  foil  ws  — 
NordhauBPiudd,  ^^  gr 1-9 2(30!)HO 

Bnlphnrio acid  of     ■•    1-19 SOj,IIOi-HO 

'■    1.63 S08,HO+2HO(|ST4.) 

•  The  deecription  of  ths  chemlcia  changes  inTolvad  In  the  msnnniciure  of  sulphuriculd 

menial  priDCiplea.    For  the  mtnute  det^ls.  not  suited  for  bd  elementuiy  work,  Uie  stu- 

t  It  i™  origloslly  tlio  cuBtom  lo  concentrate  the  sulphnric  acid  by  boiling  It  In  glusa 

mentB  plillnum  sUlli  hnva  been  adoptea,  this  metal  rMislIng  the  action  of  the  Btrongest 
acfd  at  high  tempcraturcB.  These  stiJls  are  constructed  in  Paris  of  Chin  oheeta  of  platinum 
soldered  with  gold.    They  »re  oval  In  form  i  and  as  a  protection  against  the  direci  aclioii 

and  their  cost  from  18,000  lo»13,l)OOBpleee;  and  although  ono  of  these  tcsscU  onlj  en- 
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391.  Anhydrous  Sulphuric  Acid  .—When  Nordbaaaen  aral  is 
carefully  distilled  in  a  retort  furniahed  with  a  receiver  kept  cool  by  a  freezing 
mixture,  while  fiimoa  pass  orer,  which  may  be  condensed  into  a  white,  silky- 
looking,  fibrooa  mass — anhydrous  aulphuriu  acid.  This  substance  posseaaca 
liO  acid  properties,  and  may  lie  handled  without  danger.  When  thrown 
into  water,  it  hisBes,  and  forms  liquid  sulphuric  add.  It  also  liquefies  on 
expoauro  to  air,  by  tlio  nbsorplion  of  moisture. 

393.  Properties . — The  oQ  of  vitriol  of  commerce  is  a  dense,  oily.look- 
ing  liquid,  withwit  odor,  and  of  a  brownish  color.  It  is  the  strongest  of  all 
adds.  It  freezes  at  a  iemperaturo  of — 29"  P.,  and  boils  at  620°  P.  Its  afflii- 
Ity  for  moisture  ia  moat  intonso,  and  it  abstracts  it  from  every  subataneo  with 
whidi  it  is  brought  in  contact  If  a  qoantily  of  strong  aulpliurio  acid  be  ox- 
posed  in  a.  shallow  dish  to  Hie  air,  it  frequently  absorbs  sutBdent  aqueous 
vnpor  from  the  atmosphere  to  double  ila  weight.  A  piece  of  wood  introduced 
into  sulphuric  acid  becomes  block  and  reduced  to  coal,  the  some  sa  if  it  Iiud 
hiecn  espoaed  to  the  action  of  fire.  The  oxphination  of  Ihia  is  as  follows :  Uie 
wood  is  a  compound  of  oxygen,  hydrogen,  and  carbon ;  the  sulphuric  acid 
abstracts  the  oxygen  aud  hydrogen,  which  combine  to  form  water,  wliile  tlia 
carbon  remains  behuid.  Gaaos  contiuning  aqueous  vapor  are  deprived  of  it 
by  causing  them  to  bubble  tliroi^h  strong  sulphuric  add. 

When  concentrated  sulpliuric  acid  is  mixed  with  water,  great  heat  is 
evolved,  and  the  mixture,  when  cold,  occupies  lesa  bulk  than  the  tivo  liquida 
did  separately.  This  feet  may  be  strikingly  illustrated 
by  mixing  4  parts  of  oil  of  vitriol  with  I  of  wat«r.  Water 
in  a  test  tube  immersed  in  such  a  sdution,  may  be  caused 
to  boil    (See  Fig.  129.) 

Sulphuric  add  does  not  evaporala  at  the  ordhiary  te 
peratnre  of  the  air ;  but  if  a  drO|t  of  dilute  add  lall  upon 
a  cloth,  the  water  gradually  evaporates  until  the 
which  is  left  behind  acquires  a  considerable  degree  of  IS 
Htrenglh,  and  tlien  chars  or  destroys  the  cohesion  of  the  S 
libers ;  hence  the  destructive  action  of  sulplmric  aci 
upon  febrics  even  when  very  much  diluted. — Miller. 

Ordinary  sulphuric  add  is  never  pure,  but  always  contains  lead  derived 
from  the  leaden  chambers ;  when  mixed  with  water,  this  lead  is  precipitated, 
and  causes  the  solnlian  to  appear  milky. 

Sulphuric  add  attJioka  all  the  metals  except  gold,  platinum,  h-idium,  and 

S93.  Hyposulpburons   Acid,    S,  0,. — By  digesting  sulphur  willi 

Qi^BTiOT'e.— What  iB  onhydroua  Bulpburic  aud  !    What  H.re  Its  properties  F    What  are 
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a  solution  of  sulphato  of  soda,  a  portion  of  the  sulpimr  is  dissoH'od,  and  a  salt 
containing  hyposulphurous  acid  is  formed — tlie  bj'posulpliite  of  soda.  Tlie 
aeid  ilself  can  not  be  isolated.  Hyposulphite  of  soda  is  at  present  lai^y 
employed  in  photograpliio  oporatloDS,  ovnas  to  its  property  of  dissolving  cer- 
tain salts  of  mlver  which  aie  insoluble  in  water.  The  surface  of  the  photo- 
graph is  l^eed  from  them  by  immersion  in  a  Bolution  of  it ;  afttr  whieb,  if  well 
washed  with  water,  it  is  do  longer  liable  to  altomtion  by  exposure  to  light. 

394.  Snlphnr  and  Hydrogen. 

Hydrosnlphnric  Acid,  HS.  —  Sulphuretted  Hydrogen, 
Sulphydric  Add. — Thia  gas  is  formed  naturally  during 
the  putrefaction  of  many  organic  substances,  and  is  also  a 
constituent  of  many  mineral  springs.  It  is  easily  prepared 
by  the  action  of  dilute  sulphuric  acid  upon  protosulphide 
of  iron,  FeS.'-* 

Por  this  purpose   an  evolution  flask    (F  g    130)    s  best 
adapted;  but  i  comnon,  open  mouthed  bottl     fittel  wth  a 
'   perforated  co  k  and  bent  tal      w  ill 
ee  F  g   1  1 )     Introdu 
.o  the  flask  protosulp    Je  of   ron  m 
11  quantititS,  with  w 


FlQ.  130. 


So  131 


;  tie 


adl 


111    > 


untE  a  copious  disengE^om  nt  of 

takes  place.   Bv  ntroduc   gth  ev 

in  tube  into  cold  w  ale    a,  solu  o 

Iho  gas  will  be  obtained,  inn  hi  h  lata  t  propcrt   amajlecx: 

porimentally  iUustralcd  to  the  best  advantage.   The  operation  of  pivpanng  the 

gaa  sliould  be  conducted  ia  a  well-ventilated  apartment^  or  in  the  open  air. 

The  cliemical  re.iction  involved  in  this  operation  is  as  follows;  water  ia  do- 

3  oxygen  uniting  with  the  iron  to  form  oxyd  of  iron,  which 

le  aiad  to  form  sulphate  of  iron,  while  the  hydrogen  escapes,  and 

takes  witli  it  the  sulphur  oootaJned  in  the  sulphide  of  iron.     Thus : — 

Sulpblle  ollisn.       Soliiliurii' noU  <dUD>e).       Sii1|<liatB<<ri<»i.       Hjrdiemliih.  ocM. 

Pes      +      SOj,  HO      —      FeO,  SO,      -f     HS. 

395.  Properties .— Hydrosulpliuric  acid  is  a.  transparent,  colorlesa  gaf^ 

of  a  disgusting  odor,  like  tliat  of  rotten  eggs.    It  is  about  one  fifth  heaiTer 

than  common  air,  and  burns  with  a  bine  flame,  with  a  smell  of  sulphur.     It 

is  highly  poisonous  when  respired  in  a  concentrated  form,  and  oven  whoa 


Eilii^e  with  H  parlB  of 
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present  in  the  air  in  Tory  minute  proportions,  it  ia  rapidly  fatal  to  tlio  lower 
orders  of  animals.  A  angle  gallon  of  it,  mixed  with  1,200  of  air,  will  render 
it  poisonous  to  birds,  and  1  in  100  will  kill  a  dog.  When  inliolod  it  acts  di- 
rectly upon  the  blood,  thickening  it,  and  turning  it  black.  It  is  tliia  gas  whicli 
makes  an  open  or  fool  aowor  so  destructive  of  healtli  to  any  district  in  wbich 
it  may  be  situated.  When  present  in  the  air  of  a  room,  it  may  be  instantan- 
eously destroyed  by  the  action  of  a  small  quantity  of  free  chlorine.  A  cloth 
moistened  with  alcohol,  and  held  before  tlio  mouth,  ia  a  good  protection  also 
a^inst  its  inhalation. 

By  pressure,  sulphnretted  hydr(^;en  is  reduced  to  a  colorless  liquid,  which 
frecEca  at  — 122°  F.  into  a  crystalline,  semi-transparent  mass.  Cold  water 
dissolves  between  two  and  tlircc  times  ita  bulk  of  this  gas,  producing  a  feebly 
acid  liquid,  which  possesses  the  characteristic  smitll  and  taste  of  sulpliuretted 
hydrogen,  with  all  its  properties.  Wheu  exposed  to  the  Jur,  this  solution  be- 
comes milky ;  tlie  hydri^n  being  slowly  oxydized  to  form  water,  while  the 
sulphur  separates.  The  solution,  therefore,  should  be  kept  in  well-stopped 
botdes,  quite  full. 

Sulphuretted  hydrogen  is  formed  naturally  under  a  variety  of  drcumstances. 
[la  chemical  proportions  being  1  equivalent  of  hydrogen  (1)  to  1  of  sulphur 
(IG),  it  follows  that  100  parts  of  tlie  gas  contain  only  about  6  parts  of  hy- 
drogen ;  so  tltat  a  very  small  proportion  of  hydrogen  causes  a  large  amount 
of  sulphur  k>  assume  with  it  on  aeriform  condition,  and  exhibit  the  ftetid  odor 
and  poisonous  properties  of  llie  gas  in  question.  In  volcanic  countries  sul- 
phuretted hydrogen  is  often  evolved  from  fissures  in  the  rooks,  mixed  with 
steam  and  otlier  gases ;  in  sewers  and  cesspools  it  is  produced  in  lai^  quan- 
tities by  tlia  docay  of  organic  matter,  and  in  marshes,  where  vegetable  mat^ 
tor  alone  is  undergoing  docay,  in  the  presence  of  water  containing  suiphato 
oflime  (gypsum),  its  presence  may  be  often  detected.  The  waters  of  mineral 
springs,  as  those  of  Avon  and  Sharon,  N.  I.,  and  the  sulphur  springs  of 
Virginia,  often  contain  sulphuretted  hydrogen,  though  rarely  in  a  proportion 
exceeding  1^  per  cent  of  their  volume ;  and  tlio  gaa  in  solution  in  this  small 
quantity,  when  taken  into  the  stomach,  acts  as  a  valuable  medicinal  remedy 
for  various  diseases. 

Hydrosulphuric  acid,  though  a  feeble  acid,  combines  readily  with  bases  to 
form  sulphides,  or  sulphurets.  Thus,  if  we  place  a  drop  of  sulphuretted 
hydrogen  water  apon  a  bright  «lver  or  copper  coin,  or  upon  a  piece  of  lead, 
a  black  spot  will  be  quickly  produced,  owing  to  the  formation  of  a  black 
compound  of  the  metal  and  sulphur  (a  sulphide).  The  bhick  sulphide  of  lead 
formed  when  hydrosulphuric  add  is  brought  in  contact  with  the  salts  of  lead, 
is  particularly  noticeable,  and  may  be  exhibited  by  exposing  a  piece  of  paper 
moistened  with  acetate  of  load  to  ^r  impregnated  with  this  gas.  This  test  is 
so  dolioate,  that  1  part  of  sulphuretted  hydrogen  in  20,000  of  lur  is  said  to 

QuEBTioHS.— WlutisBaidortheKlabUltyorthl^giat    What  of  lis  nBtnral  forinstton 
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be  suffident  to  occasion  a  blackeaing  of  tlio  paper.  For  the  same  reason, 
aurftcea  covered  with  lead  paints,  in  the  vicinity  of  sewera,  cesspools,  or  tlio 
bilge-water  of  vessels,  etc,  soon  become  discolori^d.  Sulphur  unites  with  zinc 
in  the  same  manner  as  -with  lead,  but  the  resulting  conipound,  sulphide  of 
ainc,  ia  white,  and  not  dark  colored  lite  the  sulphide  of  lead  Hence  aino 
p^nla,  for  many  locations,  are  more  suitable  than  lead  painla. 

When  hydrosulphuric  atld,  either  in  the  form  of  gaa  or  soluHon,  ia  added 
to  a  solution  containing  copper,  silver,  gold,  lead,  tin,  aniimoiiy,  or  ftrsenie, 
these  metala  are  precipitated  as  insoluble  sulphides,  and  may  be  collected  and 
separated  from  the  solution  by  filtration.  If  iron,  zmc.  manganese,  cobalt, 
and  nickel  are  contained  in  the  same  solution,  iJiey  are  not  precipitated  until 
a  stronger  reagent  is  added.  Hence  sulphuretted  hjrdrogen  may  be  used  to 
Boparato  one  class  of  metals  from  another ;  and  m  laet  is  employed  extensively 
lor  this  purpose  in  chemical  aoalysis. 

SECTION"    X. 


396,  Selenium,  Se . — This  element  was  discovered  by  Berzelius  In 
1817,  and  was  named  by  him  Selenium,  tVom  SeX^.fr,  the  moon.  It  is  one  of 
the  least  abundant  of  the  elements,  and  always  occors  in  combination,  gen- 
erally in  ores  of  hv>n,  copper,  acid  silver,  fiDrming  selenides  of  these  metals. 
The  principal  localities  in  which  it  exists  are  in  Norway,  Sweden,  and  the 
Hartz  mountains  of  Germany.  It  is  a  dark-hrowo,  brittle  solid,  opaque,  and 
possessing  a  metallic  luster  somewhat  like  load.  It  closely  resembles  sulphur 
in  its  properties  and  Jbrms  acid  compounds  with  oxygon  (selenious  and  se- 
lenio  aads)  analogous  to  sulphurous  and  sulphuric  adds.  When  heated 
strongly  it  gives  out  a  powerful  odor,  like  putrid  horse-radish,  by  means  of 
which  the  smallest  trace  of  this  element  may  bo  detected  in  minerals,  when 
heated  before  the  blow-pipe. 

397.  Tellurium,  Te,iaa  rare  substance,  found  chiefiy  in  (he  niinrs 
of  Hungaiy  and  Transylvania;  aomotlmos  native  and  nearly  pure,  but  gen- 
erally, combined  with  various  metals,  such  as  gold,  silver,  bismuth  and  cop- 
per. It  iii  a  ^ver-white,  brittle  sohd.  possessing  a  strong  metallic  luster, 
and  by  some  aulborities  ia  classed  amoi^  the  metals.  It  is,  however,  closely 
allied  to  sulphur  and  selenium  in  all  its  properties  and  combinations. 

Selenium  and  tellurium  both  unite  with  hydrogen  to  form  gaseous  com- 
pounds, of  angularly  offen^ve  and  nosious  properties.  A  single  bubblu  of 
seleniuretled  hydrogen  allowed  to  escape  into  a  room,  produoea  on  those  who 


What  effuot  ba  te; 
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broatlio  it,  all  tlie  usual  syraptoma  of  a  aeverc  cold  and  irritation  of  tbe 
tliroal,  wliich  continue  for  several  dajH.  But  the  moBt  singular  tact  connected 
with  tellurium  ia,  "  that  when  certain  odorless  preparations  of  this  element 
are  ti»ken  internally,  thej  fonn  compounds  witliin  the  animal  organization 
which  impart  to  the  breath  and  the  perspiration  so  foetid  an  odor  as  to  Tender 
tlie  person  taltiiig  it  a  kind  of  horror  to  every  one  he  approaches ;  and  this 
lasts  sometimca  for  weeks,  though  tlie  dose  of  tellurium  administered  may  not 
eieeijd  a  quarter  of  a  grjin." — Joiikson. 

SECTION    XI. 


Equisaleni,  32.     SyrrJml,  P.     Deimiy,  ISfiS. 

398,  History  .—The  credit  of  tlie  discovery  of  plios[ilioru8 
is  ascribed  to  Brandt,  an  alchemist  of  Hamburg,  who 
first  recognized  it  whUo  searching  for  the  philosopher's 
stone  in  human  urine,  in  the  year  1669.  Its  method  of 
preparation  was,  however,  for  a  long  time  feept  secret. 

399.  Katural  Hixtory  and  Pis t rib uti on— Phosphorus  is 
never  tbund  in  nature  in  a  (too  state,  but  exists  in  small  quantities,  widely  di{- 
fusod,  in  the  mineral  liingdom,  principally  in  combination  with  lime.  It  is  a 
constituent  of  most  of  the  primitive  and  volcanic  rocks,  and  by  the  decay  of 
these  it  passes  into  the  soitj  troia  the  soil  it  is  extracted  by  plants,  which 
aocumulalB  it,  particularly  in  their  seeds  (wheat,  com,  oats,  etc.).  Man 
and  animals  deriving  their  support  directly  or  indirectly  from  plants,  in  turn 
collect  it  in  their  systems — in  such  quantities  that  animal  products  furnth 
almost  ibo  only  source  from  which  phosphorus  is  artilidally  prepared  United 
with  oxygen  and  with  lime,  it  forma  the  prlndpal  mineral  constitutnt  of  the 
bones.  Thus  the  body  of  an  adult  man  contains  Brora  9  to  1 2  pounds  of 
bones,  which  .contain  ihjm  5  to  7  pounds  of  phospliate  of  hmo  (pliosphone 
add  and  lime),  or  from  1  to  2  pouuds  of  pure  phosphorus,*     '  Phoaph  irus 

•  No  Ked  lultBble  to  become  food  tor  man  niid  animnls  cbd  be  fDrmed  In  nny  plntit  with 
out  the  preBcnce  and  coiiporatlon  of  the  phospharea,  flzid  a  flold  in  irbich  phoupl  ato  of 
limp,  or  the  olkaiine  phoaplLalfA  rorni  no  pail  of  Ibe  Boil,  ia  LoUllj  incapable  of  producing 
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nlao  appears  to  be  essential  to  the  eiereiso  of  tlio  higher  functions  of  the 
ouimal,  sinco  it  exists  as  a  never-failing  iugredienl  in  tha  substaoce  of  wliitli 
the  brain  and  nerves  are  composed," 

400.  Preparation . — Phosphorus  was  formerly  extracted  from  urine, 
but  at  tlie  presect  time  it  is  obtained  almost  exclusively  from  bones,  from 
which  immense  quantities  are  prepared  for  the  manulaeture  of  matches  and 

The  details  of  the  process  of  preparation  aro  briefly  as  Jbllows: — The  bones 
are  first  burned  lo  whiteness  and  then  reduced  to  a  fine  powder,  which  pow- 
der, being  a  ptiospliate  of  Hme,  insoluble  in  water,  ia  technically  known  in 
chemistry  and  the  arts  as  "bono-aalu"  So  mucli  aulphurio  acid  and  water 
ia  then  added  to  a  suitable  quantity  of  bone-ash  as  witl,  in  the  course  of  a 
few  days,  partially  decompose  it — two  thirds  of  the  Ume  uniting  witli  tho 
sulphuric  acid  lo  form  an  insohible  sulphate  of  lime,  winle  the  remaining  one 
third  eonticuoa  in  combination  with  the  whole  of  the  phosphoric  acid  to  form 
a  now  compound,  whicli  is  readily  soluble  in  water.  This  new  compound  ia 
called  anperphosphale  of  Ume,  and  of  late  years  haa  been  extensively  intro- 
daeed  into  agriculture,  aa  a  ready  moans  of  supplying  exhausted  soils  with 
tho  phosphorus  needed  for  the  production  of  crops.  The  chemical  reaction 
wliieh  takes  place  may  be  ojcpressed  in  symbols  as  follows  :^ 


3CaO,POs  +  2(S0ji,H0)  —  2IIO,CaO,VOs  -j-  2(CaO,SOi) 
The  insoluble  sulphate  of  lime  and  the  superphosphate  of  lime  di^sob  cd  in 
tho  acid  solution,  are  then  separated  from  eath  otlier  by  filtration,  and  tho 
latter,  evaporated  to  a  syrup,  is  mixed  with  charcoal,  and  heated  in  an  iron, 
or  earthen  retort.  Under  these  circumstances  the  charcoal  dcLomposus  tiio 
sujierphoaphata  of  lime ; — pho^horus  rises  as  a  vapor,  and  passing  into  cold 
water,  is  colleetfld  and  condensed  into  a  siJid.  The  crude  phosphorus  ilius 
obt^nod  ia  purified  by  melting  under  wattr,  and  ja  then  cast  into  stu.k'i,  m 
wliieli  form  it  ia  sold. 

401.  Properties. — Phosphorus  exists  in  two  conditions,  mb  in  an 
ordinary  state,  and  in  an  allotropic  state.  In  its  ordinary  state  it  is  a  soft,  semi- 
transparent,  almost  colorless,  waxy-looking  solid.  It  is  insoluble  in  water, 
but  readily  soluble  in  ether,  alcohol,  and  in  %  anoua  oils. 

At  all  temperatures  above  33'  F.,  phosphorus,  when  exposed  to  tho  air, 
slowly  combines  with  oxygon,  and  emits  a  feeble  hght  readUy  perceptible  in 
the  dark  (hence  its  name,  from  0«t,  light,  and  pfpeit,  to  bear).  Exposed  to  a 
temperature  of  about  60°  F.  it  bursts  into  a  flame.  Thia  extreme  combusti- 
bility of  phospliorus  renders  it  necessary  to  keep  it  continually  under  water, 
from  which  it  should  be  taken,  for  the  purpose  of  experiment,  with  great  cau- 
tion, and  be  held  with  a  pair  of  forceps,  or  upon  the  point  of  a  knife.    "When- 
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BYBt,  nlso,  it  ia  desirable  to  cut  it  into  fragments,  the  operation  should  be  pe:-- 
formad  undor  water.  The  burns  oocaaioned  by  melted  phosphorus  aio 
extremely  severe,  ftora  the  difficulty  of  extinguishing  tlic  flame. 

Phosphorus  ia  also  easily  ignited  by  friction,  and  for  this  reaaan  is  em- 
ployed in  the  manufacture  of  matches.  It  burns  in  tho  air  with  a  brilliant 
flame,  and  in  pure  oxygon  gas  with  a  light  so  dazzUng  tliat  the  eye  can  hardly 
eust^D  it     (g  282.) 

At  a  temperature  of  111"  F.,  air  being  excluded,  phosphorus  melte;  and 
when  fused  under  water,  it  can  be  molded  aa  readily  as  wax.  At  650o  F., 
in  close  vessels,  it  boils,  giving  olT  a  colorless  gas.  A  solution  of  pbosphorua 
in  naphtha,  by  cooling  and  evaporation,  yields  crystals  of  pliospliorus.  Very 
fine  crystals  of  phosphorus  may  be  also  obtained  by  espoainjj  phosphorus  to 
Bunl'gl  t '  a  tubo  either  exhausted  of  air,  or  filled  with  a  gas  wliicli  can  not 
oxjJ]  e 

Th    f  11  wing  oxperimonta  illuatrate  some  of  the  characteristics  of  this 

Pla  0  a  a  glass  flask  about  a  quarter  of  an  ounce  of  ether  and  a  piece  of 
ph^pl  rua  of  tho  eizo  of  a  pea.  Cork  the  flask  and  allow  it  to  stand  some 
days,  fi«qu  ntly  agitating  it.  In  this  way  an  ethereal  solution  of  phosphorus 
n  11  be  obtamed,  which,  when  rubbed  upon  the  hands,  renders  them  luminous 
in  the  dark.  The  explanation  of  this  phenomenon  )s,  that  the  ether  evapo- 
rates, and  leaves  tho  phospliorus  wliieh  it  held  ia  soluljon  upon  the  hands  in 
a  state  of  minute  subdivision.  In  tliis  condition  it  combines  witli  the  oxygen 
of  the  air,  or  undergoes  a  slow  combustion,  diffusing  a  while  smoke  and  a 
pale  greenish  light  Heat  is  at  the  same  time  evolved,  but  not  sufthnent  to 
occasion  ignition.  Sy  ruitbing  the  hands,  tlie  light  ia  rendered  more  vivid, 
as  a  tVesh  surface  of  phosphorus  is  thus  continuaUy  presouteil  to  the  oxygen 
of  the  ^r. 

If  WB  moisten  a  lump  of  wliito  sugar  with  an  ethereal  solution  of  phos- 
phorus, and  throw  it  into  hot  water,  the  heat  of  tho  water  will  volatiiiae  both 
ilie  ether  and  the  phosphorus ;  and  the  vapors,  in  rising  to  the  surface  of  the 
water,  and  commg  in  contact  with  the  oxygen  of  tlie  air,  will  inflame  spon- 
taneously. 

If  we  pour  an  elliereal  solution  of  phosphorus  upon  flue  blotting-paper,  the 
latter  will  ignite  spontaneously  aftpr  the  ether  has  evaporated. 

If  we  place  a  piece  of  pJiosphorus  of  the  sze  of  a  pea  upon  bloitJog-paper, 
and  sprinkle  over  it  some  soot  or  finely  pulverized  charcoal,  the  phoaphortLs, 
alter  a  little  time,  mella,  and  at  lengtti  Rpontaneoualy  inflames.  The  linely- 
pulverized  charcoal  causes  this  combustion,  owing  to  its  poroaty,  which  en- 
ables it  to  readily  absorb  oxygen  irom  the  air.  This  oxygen  ia  in  turn  ini- 
parted  to  the  phosphorus,  and  by  umtinj:  with  it,  occasions  heat^  whicli, 
prevented  by  the  non-conductuig  properties  of  the  charcoal  fium  escaping, 
accumulates,  and  occasions  comUustion. 

nnfacture  cf 
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Plioaphorus  when  taken  internally  is  a  most  riolent  pnison,  and  in  combin- 
ation witii  other  Bubstanoes,  is  frequently  used  for  the  destruction  of  rats  and 
vermin.  The  ao-ealled  ratexterminating  poison  is  oompoaed  of  1  dram  of 
phosphorua,  8  ouncoa  of  liut  water,  and  8  onneca  of  flour. 

402.  Allotropic  or  Amorphous  Phosphorus  .—It  has  long 
been  noticed,  when  phosphoma  ia  exposed  to  the  action  of  light  Ibr  a  couaid- 
erablo  length  of  time,  tliat  ita  exterior  becomes  coated  willi  a  rod  powder,  and 
that  the  samo  product  is  formed  when  pliosphorus  is  burned  with  a  limited 
supply  of  ^r.  This  red  powder  was  always  supposed  to  be  an  oxyd  of  phos- 
phoma, but  within  a  recent  period,  Prof.  Sclirotter  of  Tieona  baa  succeeded 
in  demonstrating  iliat  the  substance  in  question  is  merely  an  allotropic  state 
of  ordinaiy  ph<«phorus.  Ho  has  shown  that  if  ordinaly  phoaphonia  bo  buIj- 
mitted  to  the  action  of  a  prolonged  heat,  within  certain  limits,  and  under 
circnmstancea  involving  an  entire  exclusion  of  oxygen,  it  becomes  converted 
inlo  a  brick-red  sutistanco; — "not  soluble  in  any  of  the  ordinary  solvents  of 
phosphorus — not  igniling  by  ordinary  fric^on — not  Jnniinons  at  ordinary  tem- 
peratures— not  pcssonous ;  disljnguiahed,  in  feet,  for  negative  properties,  as 
common  phosphorus  is  ibr  active  ones  ;  and  yet  this  wonderful  change  is  only 
molecular;  that  is,  tlie  phosphorus  is  not  converted  into  a  compound :  it  has 
combined  with  notiiing,  it  has  lost  notiiing,  but  its  particles  have  probably 
arranged  thenaaolves  with  respect  to  each  other,  in  a  manner  different  from 
tliat  of  the  partjelea  of  comnwn  pliosphorus."  Common  phosphorus  we  aro 
obliged  to  keep  in  water,  for  the  purpose  of  guarding  against  spontaneous 
combustion ;  allotropic  phosphorus,  however,  may  be  kept  uncliangcd  in  at- 
mospheric air,  and  may  be  handled  or  even  carried  in  the  poeltet  with  im- 
punity. Eiposed  to  a  temperature  of  about  480°  F.,  it  melts,  and  returns  to 
tlie  condition  of  ordinary  phosphorus ;  and  at  a  temperature  of  500°  it  bursts 
into  dame  with  a  sort  of  explosion.  The  identity  of  the  two  substances  is 
proved  by  their  ready  conversion  Into  each  other,  and  by  the  fact  tliat  the 
compounds  wliieh  they  form  with  other  bodies  are  the  same. 
'  403.  Matches  1 — Some  notice  of  the  hislojy  and  manulacture  of  matches 
is  appropriate  in  eonned^ou  with  the  subject  of  phospiiorus. 

The  compiradvely  low  temperature  at  which  sulphur  ignites,  early  sug- 
gested its  application  to  the  end  of  a  strip  ofdiy  wood,  as  a  means  of  procur- 
ing flame.  The  old  sulphur  match  was  chiefly  used  in  connection  with  a  fl  nt 
»nd  steel,  and  a  box  for  holding  tinder.  The  tinder,  formed  by  the  partial 
combusaon  of  a  linen  or  cotton  rag,  was  first  ignited  by  means  of  a  spark 
resulting  from  a  coUisiou  of  a  flint  and  steel,  and  this  in  turn  communicated 
the  fire  to  the  match.  Tidy  years  ago,  a  "  tInder-bos"  was  as  much  an  indis- 
pensable article  of  household  economy  as  a  paper  of  matehcs  is  at  the  present 

Soon  alter  the  discovery  of  phosphorus,  attempts  were  made  te  use  It  as  a 

QDearioNE, — What  is  aalf]  uf  the  piAsonttan  properties  of  phc^phorufi  ?  What  Is  rnt- 
pnlVon  f    What  i&  said  of  aJJotropic  phosphorua  ?    In  what  r(  ^ecta  docs  allotropia  differ 
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method  of  procuring  Sre,  but  ila  oostlinesg  prevented  its  general  introduction 
and  use  for  this  purpose,  for  neariy  one  liundred  and  fifty  years.  Ono  of  the 
first  methods  of  applyiog  it  was  to  put  B  piece  of  phosphorus  in  a  phial,  and 
then  to  atir  it  with  a  hot  iron  wire ;  the  phosplioms  was  partially  burnt  in  the 
confined  poriion  of  air,  and  the  interior  of  the  bottle  became  covered  with  an 
osyd  of  piioapiiorus;  on  removing  tiie  wire,  the  phial  waa  corked  t^Cly  for 
nae.  When  a  light  waa  wanted,  a  common  sulphur  match  was  dipped  into 
the  bottle,  and  a  smoll  portion  of  tlio  phosphorus  adhering  to  the  Hp,  flame 
was  produced  by  the  energetic  chemical  action  of  the  sulpliur  and  the  phos- 
phorus. Tarious  other  invontJona  were  employed  for  procuring  fire ; — auoh 
aa  the  sudden  condensing  of  air  in  a  syringe  furnished  with  a  piston  and^m 
arrangement  for  holding  Under — apparatus  for  igniting  tinder  by  an  electria 
apark— Dobereiner's  Lamp  (§  2!n),  etc.,  etc.  In  fhct,  during  the  whole  of  tin. 
last  century,  and  even  later,  tlio  invention  of  a  safe,  eonvenient,  and  reliablt 
agent  for  kindling  a  fire  or  light,  was  regarded  aa  one  of  the  groat  wants  of 
the  1^. 

The  next  important  step  taken  in  perfecting  tho  match,  waa  the  ompby- 
ment  of  clilorato  of  potasli.  Tlio  match  stick  wai  tipped  with  a,  mi:ituro 
of  otilorate  of  potash  ami  sugar,  and  ignited  by  immersion  in  a  litclo  l>ot- 
tle  containing  asbestos  soaked  in  sulphuric  acid.  (For  explanation  of  this 
phenomenon  see  §  308.)  Matches  thus  prepared  wcro  put  up  in  oases,  which 
contained  in  one  compartment  a  small  bottle  of  acid.  Thoir  price,  when  first 
introduced,  was  $4  75  for  a  case  of  100;  but  subsequently  waa  reduced  to 
50  cents.    These  malclics  continued  m  uaa  until  within  a  very  recent  period. 

The  next  importajit  invention  was  that  of  tho  soKalled  "Ludfcr  Matches," 
which  were  tipped  with  a  past*  of  chlorate  of  potash  and  sulphurot  of  anti- 
mony mixed  with  starch,  and  were  ignited  by  drawing  tlie  match  between 
two  surfaces  of  sand-paper.  Tliese  were  the  first  friction  matches.  In  1834, 
phosphorus  waa  aubstitutod  in  tho  place  of  antimony,  and  the  match  waa  ig- 
nited by  friction  upon  any  rough  surface.  Sul)se<iuentiy,  saltpeter  was  sub- 
■  stituted  m  tho  place  of  chlorate  of  potash,  which  produced  quiet  ignition  in- 
stead of  detonation. 

The  detjuls  of  the  manu&cture  of  matches  at  tho  present  lime  are  generally 
as  follows :  The  ends  of  tho  woodon  match-splints,  which  are  sawed  by  ma- 
chinery, are  first  sulphured,  by  immersion  in  a  pot  of  meted  sulphur.  When 
dried,  they  are  nest  dipped  in  the  phosphorus  composition,  whidi  is  a  paste 
prepared  by  mixing  t<^cther  in  a  hot  solution  of  glue,'  or  gum,  m  water,  plios- 
pliorus,  saltpeter,  and  generally  rod-lead  and  Bome  coloring  ingt^dients; — if 
tho  tips  of  the  matches  are  to  be  red,  verraillion  is  added;  or  if  blue,  Prus- 
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eTolred  by  friction  Of  compression;  andtliaheat  occasioned  by  its  combustion 
decomposes  tho  saltpeter  and  the  rod-lead  |  tli'  se  substances,  in  tlieir  docom- 
pOBition,  evolve  oxygon,  which  Hupporla  the  flame,  adds  to  its  heat,  and  en- 
nblea  it  to  ignite  the  sulphur,  which  in  turn  inflames  the  wood.  The  odor  of 
abtuuing  malch  ia  occasioned  by  tiie  oomhuslioii  of  tho  sulphur,  and  in  some 
recent  inventions,  haa  been  obviated  by  the  substitution  of  atearine  in  tlio 
place  of  aalphnr.  Tho  temperiture  required  for  kindUng:  matches  varies  from 
150  to  leo"  F.« 

The  manuEieture  of  matches  is  attended  with  danger,  not  only  from  tho 
highly  inflammable  nature  of  Uie  ingredients  used,  but  also  from  the  feci,  that 
a  continued  exposure  to  tho  vapor  of  phosphorus,  produces  a  disoi^niaation 
of  tlie  jaw-bones,  causing  excruciating  suffering,  and  usually  terminating  in 
death.  Tho  phosphorua,  in  tho  first  instance,  attacks  a  Uttle  spot  of  decay 
upon  a  tooth,  and  from  this  ulceration  apreada  with  great  rapidity.  Of  these 
ovils  tho  first  ig  greatly  lessened,  and  the  aocond  altogetiier  avoided,  by  tho 
uao  of  tho  amorphous  or  allotropie  phosphorus,  before  described. 

404.  Compounds  of  Phexphorus  with  Oxygen. —  Phos- 
phorus unites  with  oxygen  to  form  (bur  compounds,  viz. : — 


Phoaphorio  acW l-Os  S2  phuslihoruB    4t>  oxygen. 

Oiyd  of  Pliusphorus P^O  64  '■  8       ■' 

405.  Phosphoric  Acid,  P0»— This  acid,  wliich  is  the 
most  important  of  the  oxyda  of  phosphorus,  is  the  solo 
product  of  the  rapid  combustion  of  phosphorus  in  oxygen, 
or  atmospheric  air. 

It  appears  as  a  dense  while  vapor,  whicii  condonaos  on  cooling  into  ft  white 
powder.  It  may  be  easily  colleeled  by  burning  phosphorua  in  mr  under  a 
dry  bell  glass.  As  thus  prepared,  it  has  so  groat  an  avidity  for  water,  that 
■when  brought  in  contact  with  it,  it  hisses  like  a  hot  iron.  Exposed  to  the 
nirlbr  a  few  momenta,  it  absorbs  moisture,  and  dchquosces  to  a  liquid.  When 
once  converted  into  a  liydrate,  water  can  not  be  entirely  separated  from  it 
Its  solution  is  intensely  acid,  and  when  evaporated  to  dryness,  yields,  on  cool- 
ing, a  glassy,  transparent  solid,  known  as  glaciai  pho^horic  acid. 

Phosphoric  acid  may  also  be  prepared  by  the  action  of  nitric  acid  on  phos- 
phorus, and  also  from  bones,  by  the  action  of  sulphuric  acid.     It  combinfs 

7ea.r.  1S4»,  for  tbJH  purpose— ISS.DOOliiB.  of  ssllpeter,  32,£a()  lbs.  of  phosphorui,  1,500,000 
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witli  vaiGT  in  three  proportions,  to  rorm  three  distinct  liTiJiatea,  which  unite 
with  bassa  to  form  three  diiaaea  of  sails.  The  iionencjalure  and  composition 
of  tlieso  hydrates,  which  are  of  great  seientilla  int  rLSt,  mjy  l>i 


Monobasic  or  metaphosplioric  acid llO.POi, 

Bibaaio  or  pyrophoaphoric  acid 2  IIO.POj, 

Tribaaio  or  common  phosplioric  acid BllO.POf. 

It  ia  in  the  form  of  phosphoric  acid,  united  with  some  base,  generally  time 
or  m!i(;nei<ia,  that  phoaphorua  esieta  in  the  bones,  in  tlie  seeds  and  tissues  of 
plants,  and  in  tliB  soil. 

iO(i.  Phosphorus  Acid,  POjistbo  principal  product  which  results 
from  tlio  slow  combustion  which  occurs  when  phosphorus  is  exposed  to  the 
oxjT^eti  of  the  atmosphere.  It  may  also  be  fbrmed  by  burning  phosphorus 
with  a  limited  supply  of  air. 

The  other  oxyds  of  phosphorus  are  comparatively  unimportant. 

4QT.  Phosphorus  and  Hy dr ogen^Phospbur e tt ed  Hy- 
drogen) P  Hj, — Phosphorus  unites  with  hydrogen  in  three  proportjona  to 
form  three  compounds;  one  of  which,  a  gaa,  phosphuretted  hydrogen,  pos- 
sesses the  property,  under  certain  rarcumstances,  of  inflaming  spontaneously 
on  eipoaure  to  mr,  or  oxygen  gas. 

Tills  substance  is  conveniently  prepared  by  heating  fragments  of  phosphorus  in 
a  retort,  with  a  strong  solution  of  caustic  potash,  or  cream  ollime,  prepared  from 
lime  recently  slicked.*   On  the  Piu.  132. 

application  of  a  gentle  heat  to 
the  retort,  the  beak  of  which  ia 
caused  to  dip  slightly  beneath 
tlie  surlace  of  water,  the  gas  is 


)  bubbles. 


evolved,  a 
tliey  rise  and  come  in  contact 
with  the  air,  spontaneously  in- 
flame. (See  lig.  132.)  Each 
bubble,  as  it  breaks  and  ignites, 
Fig.  133.  prodm 


111  wtiite  wreath  of  smoke  (vapor 

— -^>i^^T*"(' f^i^t^     of  phosphoric  aeiil),  composed  of  a  number  of  concen- 

/?is'vV  «''■'' '^''■Mlgi^  trie  rings,  revolving  around  the  axis  of  the  wreath,  as 

f\l^'7''1'"^%'^5^   '*^^^'"^*^^^'S- '^*')i  thus  tracing  before  the  eye, 

^'XkjLfJ^''         -mth  perfect  distinctness,  the  peculiar  gyratory  raove- 
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its  imparted  to  air  by  tha  impulse  of  a  (btco  acting 
Buddeiily  upon  a  masa  of  air  in  all  directions,  from  a 
ter.  Tlie  saino  plieoomenon  is  also  seen  iti  the  raja  of 
BHioko  praJuced  by  the  mouth  of  a  ekilUul  tobaooo- 
smoker,  iiod  fi'efiueiitly  also,  upon  a  nracli  larger  scale, 
during  tlic  disuhar^  of  cannon  on  a  etill  day. 

Pliospliuretted  hydrogen  may  be  more  simply  pre- 
pared by  tlirowing  into  a  glass  of  water  a  few  pieces  ot 
phosplmret  of  caldum.  Thia  s^^^lanee,  by  contact  with 
the  water,  ia  decomposed,  and  evolves  the  spontaneously 
inflammable  gas.    (See  Fig.  134.) 

408.  Properties . — Pliospliiiretted  hydrogen  is  i- 
colorless,  transparent  gas,  possessing  an  offensive,  fcetjd  odor,  and  producing 
a  poisonous  action  upon  the  system,  when  inhaled.  It  loses  its  spontaneous 
iiiflammability  by  standing  for  a  time  over  water,  and  also  by  the  addition  of 
the  vapor  of  some  inflammable  bodies,  such  as  ether,  oil  of  tarpentine,  etc.  By 
varying  the  conditions  of  its  preparation,  it  may  also  be  evolved  without  tlio 
selE-ligliling  power. 

The  prodnetion  of  tliis  gas,  by  tho  decay  of  bonea  and  other  organic  pro- 
ducts in  wet,  swampy  places,  and  its  subsequent  ignition  iu  contact  with  the 
air,  is  supposed  to  have  originated  the  popular  superstidou  known  as  the 
'■Ignis  Fatuus,"  o)  "Will-o'-the-wisp."* 


SECTION    SII. 

Equivahai,  10-9.  Symbol,  B. 
409.  nistory  and  Distribution.— Boron  is  an  element 
thatia  always  found  iu  nature  m  composition  with  oxygen, 
forming  boracic  acid.  Tho  latter  substance  is  found  only 
in  few  localities,  and  in  comparatively  small  quantities. 
United  with  soda  it  forms  a  salt,  boras,  which  is  a  well- 
known  article  of  commerce. 

Until  wiUiin  a  very  recent  period  (1856-1),  comparatively  little  has  been 
known  respecting  tho  nature  of  the  pure  element,  boron.  It  has  been  recently 
ascertained,  however,  that  it  is  eloscly  allied  to  carbon,  and  that  It  exists  in 

'  Ttia  ^ncrally  ta-ken  foTgnuited  that  luioboiu  appeorancoH  in  the  airaTe  oflen  Bccm 
In  tho  vidiUty  of  swampa,  grare-^ardB,  or  other  rcceplactcs  of  decaying  orgaolc  matUr. 
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tbreo  ollotropic  condiHona,  viz.,  aa  a  choeolatc-brown  amorplious  substance ; 
an  on  opaque,  aemi  crystalliue  body,  oeeurring  \a  tliin  plates,  with  a  black- 
lead  luBl«r;  and,  lastly,  in  a  crjatullino  condition,  resembling  tiio  diamond  in 
luster,  hardness,  and  refracfive  power.  As  yet,  chemists  have  been  only  able 
to  obtan  it  in  very  mioule  crystals ;  but  if  larger  crystals  can  bo  prepared,  it 
will  undoubtedly  talfe  ranis  as  one  of  the  most  valuable  of  gems.  Its  method 
of  preparation  conasts  essentially  in  fidng  boracic  acid  wiSi  tho  metal  alum- 

410.  Boraoic  icid,  BO,  a  found  in  small  quantities  In  Thibet  and 
in  South  America,  but  the  principal  supply  is  from  volcanic  districts  of  Tus- 
cany, in  Italy,  called  lagmn^,  iihero  jets  of  vapor  and  of  boiling  water,  charged 
with  Irorado  acid,  are  continually  issuing  tVom  iissnrBS  !n  the  earth.* 

The  manner  in  wliich  the  borncic  aeid  is  colleet«d  is  as  follows :  A  locality 

is  chosen,  where  the  soil  is  observed  to  possess  a  high  temperature,  and  a 

basin  of  moderate  depth  (A,  Fig.  135)  is  excavated,  and  walled  up   witli 

Tig.  135, 


a  masonry — opcmi^ti,  v  being  left  m  the  bottom  tit  tlie  adnnasion  ol  tho 
steam  escaping  Irom  tlio  earth  f  W  ater  from  adjacent  prmjis  is  tlien  e(n 
dueled  into  tlio  basm,  winch  absorbs  the  boracic  add  brought  up  by  the  as- 
cending vapor,  and  at  the  same  time  becomes  healed  to  tlie  l)oiling  tempera- 
ture. After  the  lapse  of  tivcnty-four  hours,  tlie  solution  ia  drawn  off  into  a 
rfmilar- constructed  baain,  B,  at  a  lower  level,  ftom  tlience  into  a  th  jd,  C,  and 


1  approach  the  lagooai 


Qnrth  e. 


Lit  Iwllini 


mKtrom 


licaatitui  cryaUUiuUoDS  of  sulj 
t  The  iliiaeniaans  of  tbcse  1>a 
to  5(10  and  IflOO  feet  in  circun.fe 
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Ro  on,  uiiUl  the  wuter,  having  absorbed  tho  greatest  possible  amount  of  ber- 
ndc  add,  1h  tmiisforrcd  into  shallow  tanks,  E,  for  purification.  Tho  solution 
thiia  obtained  is  craporateil  in  leaden  pans  heated  by  the  volcanic  steam, 
imlil  tho  boi-a^ic  acid  coolained  in  it  is  deposited  in  while,  soaley  crystalB. 
Tlio  annnal  production  of  boracie  acid  froia  those  aoureea  is  at  preaeut  about 
three  million  pounds. 

Boracic  add  has  a  wliile,  pearly  luster  and  a  greasy  feelii^.  It  is  a  feeble 
acid,  Bparingly  soluble  ui  cold  water,  but  dissolving  In  three  times  its  weight 
of  boiUng  water.  Its  solution  in  alcohol  bums  with  a  beautiful  green  flame, 
which  constitutes  a  test  of  tba  presence  of  boron.  This  property  may  be 
illustrated  by  ^lilting  a  solution  of  borax  in  alcohol  in  a  shallow  cup,  and 
Btirriug  Uio  liquid  wilh  a  pla^s  rod  while  burning. 

41!.  Boiax,  or  Biborate  oTSodai  is  formed  by  adding  car- 
tionate  of  soda  to  a  solution  of  boracic  acid.  This  salt  is  composed  of  two 
equivalents  of  acid,  one  of  base,  and  ten  of  wat«r — Its  constitution  being  rep- 
resented as  follows,  NaO,  2BOs-]-10  HO.  Borax  is  obtained  naturally  in 
small  quanliUea  and  in  an  impure  state,  by  the  evaporation  of  tlio  waters  of 
certain  lalies  in  Tliibct,  and  is  exported  under  the  name  of  UncaL 

Borax  is  chiefly  used  in  the  arts  as  a  flux  in  the  welding,  soldering,  and 
rcliniug  of  metals. 

The  term  fiux  is  applied  in  metallurgy  to  those  sub- 
Btanccs  which  assist  fusion,  either  by  expediting  the  pro- 
cess, or  by  [irotcctiDg  the  substance  melted  Irom  oxyda- 
tion. 

Borax,  when  hoatcd,  bubbles  up,  loses  its  water  of  crystalhzation,  and  at  a 
temperature  below  red-iiont,  meila  into  a  transparent  glass.  Tho  property 
which  this  gluss  possesses  of  dissolving  the  melaliio  oxyds,  gives  \a  borax  ila 
value  as  a  flux,  For  example:  in  tho  welding  of  iron,  a  union  between  two 
siulkces  can  not  bo  offcctcd  unless  both  are  dean  and  perfectly  free  from  ox- 
ydalion;  but  a  piece  of  iron  can  not  be  strongly  heated  without  the  formation 
of  a  layer  of  oxyd  upon  its  surface.  This  difficulty  is  obviated  by  sprinkling 
tho  hot  Bur^ices  with  powdered  borax,  wliicb,  as  it  melts,  not  only  dissolves 
off  the  ox.ja,  or  scale  already  present,  but  koepa  the  metal  briglit  by  prevent- 
ing nil  further  oxydation. 

Borax  is  also  much  used  as  a  test  before  the  blow-pipe,  for  recognizing  the 
proeouce  of  certain  metallic  oxyds.  For  this  purpose,  a  small  crystal  of  borax 
is  fused  upon  the  end  of  a  bent  platinum  wire,  and  a  minute  quantity  of  tho 
substance  to  bo  tested  is  melted  with  the  salt  in  the  flamo  of  the  blow-pipe. 
The  peculiar  color  which  the  borax  glass  receives,  mdicates  the  character  of 
the  coloring  substance  :  thus,  with  an  oxyd  of  chromium,  tho  borax  forms  an 
emerald-green  glass ;  with  oxjrd  of  cobalt,  a  blue ;  with  manganese,  a  violet ; 
with  iron,  a  yellow,  and  so  on. 

QUHTTfONa.—Whfttim  ttiepropertleBnfborificacia?  What  IstjoraiJ  Ponrhitpnr- 
pMein  it  iu<«diii  theirvi?    What  <s  a  flux!    Wlnl  gives  tn  borui  iti  value  u  ■  fluit 
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412,  Distribiilion. — Silicon,  in  combination  with  osy- 
^a,  ia  the  most  abundant  of  all  the  solid  Bubatances 
which  compose  the  crust  of  our  globe.  All  rocks  which 
are  not  calcareous  (lime)  arc  silicious. 

It  is  only  within  a,  Tcry  recent  period  (1B55-7)  that  chejxiists  have  been  en- 
abled to  obtain  any  very  definite  knowledge  respecting  the  natare  and  prop- 
ertiea  of  pare  silicon.  It  ia  now  knomi  to  exiat^  like  c^bon  and  boron,  in 
three  allotropic  conditions;  in  an  amorphous  nut>brown  powder;  in  a  condi- 
tion resembling  graphite  (black-lead) ;  and  in  a  crystalline  condition.  It  has 
moat  of  the  characteristics  of  the  metals,  and  by  the  most  recent  anthoritjea  ia 
classed  with  them.  As  prepared  by  a  somewhat  complicated  process,  it  is 
easily  fusible,  and  may  bo  run  into  ingots  and  alloyed  with  copper  and  iron. 
At  a  meeting  of  the  French  Academy  in  1857,  two  Email  cannon  composed 
of  an  alloy  of  copper  and  silicon  were  exhibited. 

413.  Silicic  icid,  or  Silica,  SiOs,  is  the  principal  oxyd 
of  silicon,  and  the  most  important  of  all  its  compounds. 
In  fact,  it  ia  in  this  condition  only  that  silicon  ia  found  in 
nature. 

When  pure,  or  merely  colored  by  smaD  quantiljes  of  difTorent  oayda,  it  is 
very  genendly  termed  quartz.     It  is  frequently  found  crystallized,  its  ordinary 
(brtn  being  a  dx-sidcd  prism,  terminated  by  six-adcd  pyra-       pig.  i3e_ 
mids,  OS  in  rock-crysttd.    (See  Fig.   136.)    Sometimes  the 
prism  Is  very  short  and  disappears  entirely,  and  tlie  pyramid 
only  ia  seen,  as  in  common  quartz.     In  transparent  and  col- 
orless rock-crystal,  silica  is  almost  absolutely  pure,  and  in  this 
condition  is  not  unfrequently  used  in  jewelry.     Amethyst  is 
crystallized  quartz,  colored  purple  by  the  presence  ofprotoxyd 
of  manganese.     Common  flint,  agate,  cornelian,  chalcedony, 
Jasper,  and  opal,  are  other  varieties  of  nearly  pure  silica, 
their  colors  being  occasioned  by  Bie  presence  of  different  me- 
tallic oxyds.     Common  sand  ia  mainly  composed  of  silica, 
colored  yellow  or  brown  by  the  presence  of  oxyd  of  iron ;  sand  cemented  into 
rock-maaacfl,  through  the  agency  mainly  of  ^lica,  is  termed  "  sandstone." 

Many  plants  absorb  silica  from  tho  soil  in  considerable  quantity,  and  deposit 
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it  upon  the  estcrior  of  their  stalks,  or  stems.  Examplea  of  thia  may  bo  seen 
in  the  glosay  coatii^  which  invoala  the  outside  of  straw,  oano,  rattan,  bam- 
boo, etc.  In  theao  instances,  tlie  «lica  sabscrvoa  tho  same  purpose  in  tho 
structure  of  the  plant  tliat  bones  do  in  the  structure  of  men  aad  animals — 
tliat  is,  it  ^ves  to  the  stalk  firmneas  and  stiQiiess.  Tho  straw  of  wheM  grown 
upon  soils  deSdent  ia  "  soluble  silica,"  is  so  weak  aa  to  be  bardlj  capable 
of  supporting  the  weight  of  the  seed. 

In  the  animal  kingdom,  silica  exists  in  the  feathers  and  hajr  of  animals, 
and  recent  researches  have  also  delected  it  in  the  blood. 

414.  PropertieK . — Pure  siliea  is  not  affected  by  the  heat  of  the  strong- 
est wind  fhmaoe,  bnt  before  the  fl^ne  of  the  oxyhjdrogen  blow-pipo  it  melts 
into  a  transparent  glass.  In  its  reitive  state  it  is  insoluble  in  pure  water,  and 
in  alt  acids  except  hydrollitoric.  In  harducss  it  approaches  the  precious  gems, 
and  it  scratches  glass  easily. 

Silica,  although  it  presents  tho  characters  of  an  earth,  is  in  reality  an  acid, 
and  a  most  powerful  one.  Under  all  ordinary  circumstances,  however,  ita 
acid  properties  are  not  roanifestod  by  reason  of  ila  almost  entire  insolubility. 

When  silica  is  (^:estcd  in  solutions  of  the  alkalies  it  gradually  unites  with 
thom,  and  forms  salts — silicates  of  potash  or  soda — which  are  readily  soluble. 
FiVen  flints  \a  their  unground  condition,  or  fragments  of  quartz  when  placed 


igh  temperature,  are  readily 

of  alkali 

solution  of  starch  ia 


in  strong  solutions  of  caustic  potash  or  soda,  at  a 
caosed  to  pas?  into  solution.  When  solutions  of 
are  concentrated,  a  semi-fluid  mass  closely  resembli 
produced.  This  product  ia  known  aa  sabible  gktsu,  and  is  readily  soluble 
water,  and  can  be  applied  aa  a  varnish  fbr  ronderiag  sur^ices  of  wood  or  cloth 
Cre-proof  It  has  also  been  used  to  some  extent  as  a  substitute  for  starch  <  r 
gum  in  tlie  stiffening  of  fibrous  substancea.  Ancient  monuments  or  birildings 
constructed  of  soft  and  friable  slono  may  be  preserved  in  a  great  measnre  from 
decay  and  the  action  of  the  weather  by  a  coating  of  soluble  glass.  For  prac- 
tical purposes,  soluble  glass  is  formed  by  fusing  bother  8  parts  of  carbcinato 
ofsoda  {or  10  of  carbonate  of  potash)  with  15  parts  of  pure  sand,  and  1  of 
charcoal  Tho  product,  when  pure,  resembles  ordinary  glass,  but  dissolves 
in  boiling  water  without  residue. 

"When  a.  solution  of  soluble  glass  is  rendereil  acid  by  the  addition  of  hydro- 
chloric arid,  the  silica  after  a  little  time  separates  as  a  transparent,  tremu- 
lous jelly.  This  isahydrateof  silica,  which  once  precipitated  in  this  manner, 
is  no  longer  soluble  in  either  water  or  acids.  By  preventing  the  escape  of 
moisture,  it  may  be  preserved  in  a  gclaljnous  tondition  ;  but  if  once  allowed 
to  dry,  it  forms  a  white,  gritty  powder — white  silicious  sand. 

Most  natural  waters  coelain  a  little  soluble  silica,  which  can  he  only  separ- 
ated by  evaporating  the  water  to  dryness.    Waters  which  contain  alkaline 
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cartwnatea  dissolve  it  more  freely,  and  wlien  tlie  action  of  tlie  allfaline  liquid 
ia  aided  by  that  of  a  higli  tomp;rature,  as  is  the  case  with  tlio  Geyeers,  or  liot 
springs  of  Iceland,  very  lai^e  fiuautitiea  of  silica  are  dissolved.  As  tbe  liquid 
cools,  the  sUica  ia  deposited,  ia  an  insolublo  fgriu,  on  tlio  surrounding  objeds 
iu  contact  with  tbe  waters,  forming  "petrifactions."  Agates,  clialcedoiiy, 
oarnelian,  and  onyx,  have  undoubtedlj  been  tbus  formed  by  the  dow  deposi- 
tioQ  of  silica  from  its  solutJoo  in  water. 

Tlie  acid  character  of  sihca  is  especially  exhibited  when  it  is  eiposed,  in 
contact  with  other  aalla,  to  a  high  temperature.  It  tlien  displaeea  the  most 
powerflil  acids  from  their  combinations,  and  uniting  with  their  bases,  forms 
Ellieatea.  Thus  when  caiTxmate  or  sulphate  of  potash,  soda,  or  lime,  are  mixod 
with  silica  and  fbsed,  the  silicic  acid  displaces  the  carbonic  and  sulphuric 
acida  irom  their  combioationa,  aud  forms  silieatoa  of  potash,  soda,  or  limo.  AH 
the  furias  of  clay,  feldspar,  mica,  hornblende,  and  a  great  number  of  our  most 

415.  Fluoride  of  Silicon,  SlFl.—FlvosaicieAcid.  —  lji  order 
to  prepare  this  gas,  equal  parts  of  finely-powdered  lluor-spar  and  silioious 
sand,  or  powdered  glass,  are  mixed  in  a 
capadoua  flaak,  with  six  parts  of  concen- 
trated sulphuric  aad.  On  the  application  of 
beat,  hydroHuoric  at^d  is  liberated,  and  this 
itnmediately  attacking  the  silica,  produces  a 
colorless  gas,  of  which  ahcoQ  ia  a  constitu- 
ent. When  passed  into  water,  the  gaa 
is  decomposed,  silicon  is  precipitated  in  the 
form  of  gelatinous  silica,  and  the  water 
becomes  a  solution  of  hydrofluosjlicic  acid. 
This  reaction,  which  constitutes  a  veiy  inter- 
esting esperiment,  may  bo  easily  exhibited 
by  an  arrangement  of  apparatus  as  repre- 
sented in  Fig.  137. 

In  transmitting  the  gas  into  water,  the  ex- 
tremity of  the  evolution  tube  should  not  hi 
brought  into  direct  contact  with  the  water 
lost  it  become  at  once  obstructed  by  the  dc 
posited  silica ;  but  it  should  be  plui^ec 
bone^h  the  surface  of  a  little  mercury  coutamtd 


,  Pio.  13T. 


1  the  bottom  of  the  n 
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ing  veBsel,  as  is  represented,  in  Fig'.  13J.  As  the  gas  aseenda  throi^  the  mer- 
eary,  and  eutera  tbe  water,  it  exhibits  a  most  curious  phenomenon ;  each  bub- 
ble becoming  invested  with  a  white  bi^  uf  silica,  and  riaing,  like  a  miuiatnre 
balloon,  totho  surfaco;  it  often  happens,  also,  in  the  course  of  the  experiment, 
that  the  gas  forms  tubes,  or  conduit  pipes  of  silica  in  the  water,  through 
which  it  gains  the  suriace  without  decomposition. 


SECTION    XIV. 

Uquivolcni,  S.     SyniJml,  C.     Specific  gravity  as  diamond,  3"3  to  3-5. 

416.  History. — Carljon  is  one  of  the  most  abundant  and 
important  of  the  elementary  bodies.  In  the  inorganic 
kingdom  of  nature  it  exists  chiefly  as  mineral  coal ;  in  the 
state  of  carbonic  acid  diffused  tliroughout  the  atmosphere  ; 
and  as  a  constituent  of  the  great  rock  masses— carbonates 
of  lime  and  magnesia.  In  the  organic  kingdom,  it  ia  the 
characteristic  ingredient  of  all  substances  which  are  pro- 
duced directly  or  indirectly  from  animal  or  vegetable  or- 
ganisms. 

Carbon  is  found  pure  in  nature  in  three  allotropic  forms 
or  conditions,  each  of  which,  although  possessed  of  identi- 
cally the  same  chemical  composition,  exhibits  properties 
singularly  different  from  the  others,  and  peculiar  to  itself. 
These  arc,  1.  The  Diamond  ;  2.  Graphite,  or  Flmnbayo  ; 
3.  Minera,l  Coal  and  Charcoal. 

417-  The  Diamond  is  pure  carbon,  crystallized. 
It  is  found  throughout  a  wide  extent  of  country  in  India,  but  chiefly  at 
Golconda,  and  Id  certain  districts  of  Borneo  and  BraaiL  It  has  also  been 
found  associated  with  gold  and  platinum  in  the  Ural  mountains,  and  in  a  few 
inalancea  in  the  Tlnited  Stales,  principally  in  the  gold  diatriota  of  North  Car- 
olina.*' In  only  a  few  instances  has  the  diamond  ever  been  found  unbedded 
in  rock  masses,  but  it  is  usually  aasodaled  with  materials  transported  by, 
water  from  a  distance,  such  as  louse  sand  and  rolled  gravel     In  their  natural 
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condilion,  dlamonda  have  usually  tho  appearance  of  acmi-trangparenl,  roatidcd 
pebbles,  and  aro  covered  by  a  thin,  opaque  cniat;  on  removing  thia  erUBf, 
their  exceeding-  brillianoy  bccomBS  apparent. 

Tha  diamond  ia  generally  colorless,  and  such  spocimcnB  posses 

est  value ;  but  it  is  not  unfrequently  found  of  a  blue,  yellow, 

or  rose  color,  and  sometimes  green  or  block. 

The  primitive  form  of  tii&  diamond  is  that  of  an  oetohedron 

iaccB  ere  often  convox,   and  il 

jewelry  in  throe  Ibrms,  known  as  bril 

140,  141,  and  tJbles,  Figs.  142, 143.' 


the  great- 
Fiu.  138, 


{sea  Fig.  138),  but  i 


liants,  I'ig.  139,  rosos,  Fi 

Fig.  139.  F^  140. 


The  diamond  is  the  hardest  of  all  known  substances,  and  can  bo  only  cat 
or  abraded  by  means  of  its  oivn  powder — inferior  and  imperfect  stones  being 
broken  down  for  this  purpose.  Tlie  process  of  cutting  is  eHeded  by  a  hori- 
zontal disc  of  steel,  covered  with  diamond  dust  and  oil,  and  revolvmg  with  a 
velocity  of  two  or  tlireo  tliouaand  times  per  minute.  Tbo  gem  is  fixed  in  a 
mass  of  lead,  which  ia  fitted  ta  an  arm,  one  end  of  which  rests  upon  a 
table  over  wliich  the  plato  reroives,  while  the  other,  sustainii^  the  diamond, 
ia  pressed  upon  the  plate  by  movabio  wcigiits,  at  the  discretion  of  the  ope- 
rator. The  gem,  however,  cannot  bo  ground  into  any  form  at  pleasure,  but 
only  in  diroctious  parallel  to  its  lines  of  eloav;^.     (g  13. )f- 

■  The  f  no  of  the  brllllmt  shows  tha  gem  to  tho  hEst  advintj^a,  and  may  Ijo  rooognliea 


as  to  melt  the  lead  tn  which  the  diamond  L>  imbedded,  a 
single  face  Tar^oB  from  3  to  30  hairrs. 

The  weight  of  dianiODdA  ia  efldmated  in  carats — ]K>  of 
or  tiO  gr^ni.  ■■  The  rule  for  esUmadng  the  value  of  dl 
tlw  genu  under  eamparln>it  tn  lie  equal  laqitality,  may 
of  (he  Hjaares  of  their  respeeUve  weights.  Thus,  suj 
welghli^  raapeeUrely  1,  2,  and  3  oirabi!  their  reapocti 


Ltiii^  Ib  freqaenllx  ee  great 
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The  diamond  is  remarkablj'  indestruct  ble  and  s  not  acted  upon  hy  iny 
solvent,  neither  U  it  affected  by  h  at  alone — smco  t  maj  bo  1  e  ted  wl  n 
removod  fiom  the  acccaa  of  air  t.  a  h  to  1  cat  w  tl  out  jurj  In  ti  e  open 
air  it  bums  at  about  the  melting  po  ot  f  sil  tr  an  I  s  converted  nto  coal 
or  carbonic  acid  gas. 

iiaiij  attempts  have  been  made  to  fuse  or  cryatall  zo  "wmo  pu  o  form  of 
carbon,  or,  in  other  words,  to  ma  uCitturo  d  an  unJ  but  tl  ey  have  all  fa  led. 
In  1853,  M.  Despreta  of  Paris  succeeded,  after  lon^-eont  nu  -d  volta  e  act  o 
in  depositing  at  one  of  the  tenninal  poles  of  a  galvanic  battery  a  quantity  of 
carbon  in  the  form  of  minute  nticroscropic  grains ;  these  grains  appeared  to  bo 
octohedral  crystals,  and  were  capable  of  cutting  and  polishing  diamonds  and 
rubies ;  hence  it  has  been  inlbrred  tiiat  Ihey  were  actually  themselvea  dia- 
monds. 

Tho  origin  of  the  diamond  has  been  a  subject  of  much  curious  speculation, 
inasmuch  as  the  circumstances  under  which  it  is  found  in  nature  afford  U3 
no  clue  to  the  process  of  its  formation.  Tho  Btructure  of  the  diamond  itself, 
however,  fumiahes  us  with  some  positive  information  on  Uie  subject,  and  in- 
dicates tliat  it  is  a  product^  eitlier  directly  or  indirectly,  of  tho  vegetable  king- 
dom* Sir  David  Brewster,  who  has  given  much  attention  to  the  subject, 
ia  inclined  to  Che  opinion,  that  tlie  diamond  ia  a  drop  of  fusailized  gum,  auul- 
ogODs  in  some  respects  to  amber. 

418.  The  largest  known  diamond  ia  an  uncut  gem  belonging  lo  t^ie 
crown  jewels  of  Portugal  It  was  found  in  Brazil  aljout  tho  year  1808,  and 
weighs  1,G80  carats,  or  about  11  ounces.  -About  tho  middle  of  the  lOtli 
century  a  diamond  was  found  at  Golconda  in  India,  which  had  tho  form  of 
half  a  hen's  egg,  and  weighed  nearly  6  ounces.  This  diamond,  wiiich  y/aa 
loiig  Itnown  as  tho  Great  Mogul  from  its  posseaaor,  lias  disappeared,  and  is 
auppoaed  to  have  ijeen  broken  up ; — the  separate  pieces,  according  to  this 
tlicoiy,  now  constituting  three  of  the  largest  esistii^  diamonds,  viz.,  1,  tho 
groat  diamond  in  the  possession  of  Russia,  weighing  19S  cvats;  2d,  tho 
Kijh  i-noor,  in  tlio  posHoaaion  of  the  Queen  of  England,  which  weiglied  bcfbra 
cutting  186  carats,  and  alter  cutting  103  carats ;  and  3d,  a  diamond  bcloi^ing 
to  the  Shah  of  Persia,  of  the  we^lit  of  130  carats.  The  value  of  the  Russian 
diamond  has  been  estimated  at  20  millious  of  dollars,  and  that  of  the  Koh- 
i-noor  at  Irom  3  to  10  miilions. 

The  other  Urgn  diamonds  most  worthy  of  notice  are  the  followmg: — X 
yellow  diamond  Ijelonging  to  the  crown  of  Austria,  which  weighs  1S9  carats. 
The  sizo  and  form  of  this  diamond,  which  was  once  sold  as  a  bit  of  colored 


•  The  evidcniW  on  ihia  point  is 

principally  SJ  foUoTB  !  dia 

closing  vegetable  m.tter,  and  »h 

Ktion  of  refrutedsnd  polarlzod 
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glas^  arc  rcprcacnt- 
ed  in  Fig.  114.  The 
Pitt  or  Begent  dia- 
moud  beloDgii^  to 
France,  ia  repre- 
sented in  ^g.  IJB. 
the  dotted  lino  be- 
ing tlie  outline  of  ,  . 
tlioBtone  before  cut-  \ 
ting.  This  diamond, 
wliich  13  a  light  blue  color,  ia  allowed  to  bo  the 
finest  in  existence,  and  we^hs  131  carats.  It  was  brought  from  India  by  a 
Mr.  Pilt,  and  sold  to  tho  Regent  of  France  in  ilU  for  aliout  $700,000.  Ila 
^mmiasioD  of  Parisian  jewelers,  is  about  $3,000,000. 
Fig.  140  represents  a  very  beautiful  diamond  known 
s  the  Kgott  diamond,  which  weighed  47  carats, 
nd  was  sold  for  about  $120,000.* 

419.  Graphite,  or  Plumbago,  is  tlio 

^  second  allotropic  form  in  which  em- 
boli occurs  uncombined  in  nature.  It 
has  a  metallic,  leaden-gray  luster,  feels  unctuous  to  the 
touch,  and  is  generally  known  aa  "  black-lead,"  although 
it  has  no  trace  of  lead  in  its  composition. 

It  is  found  chiefly  in  tlie  older  rocks  (in  many  locaiiiios  in  the  United 
Stales),  cliiefly  in  beds  or  rounded  maasea,  but  sometimes  crystallized  in  Jlat 
Bix-Kded  prisma.  It  is  never  found  perfectly  pure,  but  usually  contains  a 
Slttlo  iron  and  some  other  acddental  impurities.  Like  tlio  diamond,  it  can  not 
bo  fused  or  voladllaed  by  the  action  of  the  most  intense  heat ;  it  bums,  how- 
ever, in  oxygen  gas,  forming  earbonio  acid. 

The  prindpal  uas  to  wiui'h  plumbago  is  practically  applied  is  for  the  manu- 
Eicture  of  "  lead  pancila."  Uost  of  the  ordinary  peni^a  now  used  are  maau- 
Eictored  ftom  a  fcetitioua  paste^  made  of  powdered  plumbago,  antimony,  and 
^phor  fused  together,  and  cast  into  blocks.  These  bloclis  ore  then  sawed 
into  amaU  rectangular  pjTsma,  which  are  subsequently  inclosed  in  ejlindersor" 
cedar  wood.  The  ijest  drawing-pencila  are,  however,  made,  by  reducing  the 
plumbago  to  a  fine  powder,  freeing  it  from  impurities,  and  then  aubjecting  it 
to  enoraioos  hydrosljibie  pressure,  draullanoously  with  the  abstractioa  of  all 
rem^nmg  traces  of  air  by  means  of  aa  air-pump.    A  coherent  block  is  thus 
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obtiuned,  wliMi  is  subsequently  sawed  into  bara.  Tlie  particles  of  plumbag(\ 
although  Eqiparently  very  soft,  are  in  reality  extremely  hard,  and  the  steel 
sawH  employed  to  cut  it  rapidly  wear  out.  Plumbago  is  also  used  for  tho 
maniiiicture  of  melting  pots  or  crucibles,  Ibr  the  lubrication  of  the  bearing  sur- 
faces of  raacMnery,  and  for  imparting  a  luster  to  iron. 

Several  modlBcations  of  graphite  may  be  procured  artilicially.  When  cast 
iron  is  melted  with  an  excess  of  charcoal,  it  dissolves  a  portion  of  tlia  carbon. 
This  carbon,  when  tlie  iron  is  allowed  to  cool  slowly,  erystalhzes  out  in  the 
r:.inn  of  large  and  beautiful  leafleta  of  graphite. 

420.  flas  Carbon. — .Inotherexceedinglyinferestin^varietyof graphite 
id  formed  in  the  interior  of  the  retorts  used  for  the  production  of  coal-gaa. 
Ttiia  substance  (which  may  be  procured  in  abundance  at  all  gas-works)  is 
known  as  "gas  carbon."  It  possesses  a  luster  resembling  thai  of  a  metal,  a 
hardness  BUfficiont  to  enablo  it  to  scratch  gloss,  and  is  ono  of  the  purest  forms 
of  carbon. 

421.  Coal.— The  third  allotropic  modification  of  carbon 
incliidi3s  all  the  varieties  of  mineral  coal,  wood,  charcoal, 
lamp-hlack,  soot,  animal  charcoal,  etc.,  etc. 

422.  MiDCral  Coal  ia  the  product  of  an  accumulated 
vegetation,  which  flourished  mainly  during  a  particular 
period  of  the  earth's  history,  known  in  geology  as  the 
"carboniferous  epoch." 

It  occurs  on  the  eartli  in  veins,  or  strata,  enclosed  between  other  strata  of 
limestone,  clay-slate,  or  iron  ore. 

Wo  know  that  eonl  is  of  v^:e(able  origin,  because  in  every  coal-mine  we 
find  leaves,  trunks,  and  fruits  of  trees  in  immense  numbers,  many  of  them  in 
the  most  perfect  state  of  preservation ;  so  mnch  so,  that  the  botany  of  tlio 
coal  period  can  be  studied  with  nearly  as  much  certjunty  as  the  botany  of  any 
given  section  of  ttio  present  surface  of  the  earth;  and,  lurthermore,  whenever 
coal  haa  not  been  too  much  changed  by  beat  and  pressure,  a  thin  layer  of  it 
exhibits,  under  the  microscope,  alt  the  ducta  and  vessels  of  the  plant  Id  which 
it  originally  belonged. 

Coal  consists,  like  vegetable  matter  in  general,  of  carbon,  hydrogen,  and 
o^tjgon,  with  a  small  proportion  of  nltrc^n.  'It  cont^ns,  in  addition  lariabln 
quantities  of  saline  and  earCliy  substaticea,  wliiph  always  enter  into  the  com 
position  of  plants.  These  mattera,  when  coal  is  burnt,  are 
and,  together  with  some  impurities,  constitute  its  ashes. 

423.  Anthracite  Coal  differs  from  bituminous  in  this  rcbpeet— that 
its  original  volatile  constituents,  osygen,  Jiydrogen,  etc,,  liaie  been  nuurl} 
driven  off  by  tlio  agency  of  heat,  leaving  carbon  in  a  dense  and  nearly  pure 

QBfflTIOKa.—HoirinBy  graphite  be  formed  artlfieisllj-?    What  ia  goB  carbonT    What 
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condition  b:;]iind ;  bitumiaoua  coal,  oa  tho  contraTj,  not  having  been  exposed 
to  tho  same  degree  of  heat,  retina  its  orifiaal  Tegetable  oooatitution  in  a 
}rreat  deeree  unaltered.*  When  bituminous  eonl  is  ignited,  its  volatile  con- 
stituents are  expellod  by  heat,  and  burn  with  flame  and  smoke;  while  an- 
thracite, from  its  previous  deprivation  of  these  substances,  liiims  without  flume 
or  sntolia 

424.  Coke  is  bituminous  coal  heated  apart  from  air,  until  its  Tolatila  eon- 
E'ituents  are  in  a  great  measure  expelled.  It  produces  a  mote  steady  and 
intense  heat  than  tho  coal  from  which  it  is  derived,  and  evolves  no  smoke. 

425,  Cliarconl  is  that  form  of  carbon  which  results  from 
depriving  animal  aud  vegetable  Bubstancea  of  their  vol- 
atile const  itu<.'nta. 

This  is  usually  cfiected  by  tho  agency  of  heat ;  but  tlie  application  of  heat 
is  Dot  essential,  dnce  wood  immersed  in  sulphuric  acid,  or  buried  for  a  long 
period  in  tho  earth,  bocomcs  converted  into  chartoal. 

Charcoal  is   usually  ji-jg   n>j 

prepaitd  by  firing  wood 
in  mounds  or  pits,  oov- 
crwl  with  turf  or  soil  in 
5;ioh  a  way  as  to  ex- 
clude in  a  great  degree 
the  admission  of  uir, 
aud  thus  prevent  com- 
plete combustion.  Fig. 
147  represents  the  ar- 
rangement and  con-  ' 
Btructionofa  "cliarcoal 
wound  or  heap."   If  the  -^ 

diameter  of  tlie  heap  be  ss 

tlian  a  month,  and  the  )f 

charcoal.  When  the  wouu  »  luuivuj^inj  uiancu,  mo  ouiuibsiuu  ui  au  IB  un- 
tirely  cat  off,  and  the  combustion  ceases.  The  charcoal  produeed  rotairts  tho 
form  of  the  wood,  but  is  much  reduced  in  size  ;  generally  cot  amounting  to 
more  than  three  tburtlis  of  tho  bulk  of  tho  wood,  and  never  exceeding  one  fourth 
of  its  weight.  The  nicest  kinds  of  clinrcoal,  such  as  are  use<I  in  the  raanuiao- 
ture  of  gunpowder,  are  prepared  by  heating  wood  in  close  iron  cylinders. 
42G.  S  0  0 1  is  coal  in  a  slate  of  minute  divj^on  resulting  from  the  imper- 
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fuot  combustion  of  carbonaceous  gases.  Lampblack  is  gpnerally  applied  to 
deagnato  the  soot  produced  by  the  imperfect  combustiou  of  tar  and  resinous 
matters ;  it  ta  much  used  in  tlio  manul^ture  of  printers'  ink  and  of  pajut 

Animal  charcoal,  bone-black,  and  ivory-blaok,  are  names  given  to  tho  pro- 
ducts produced  hj  heating  bones,  ivorj  shavii^;a,  and  like  animal  substances, 
in  close  vcesela.  The  charcoal  thus  obtained  is  mixed  with  ten  times  its 
weight  of  phosphate  of  lime. 

427.  Properties . — Carbon  in  tho  form  of  charcoal  ia  a  black,  brittle, 
insoluble,  inodorous,  tasteless  substance.  At  ordinary  temperatures  it  has 
little  or  no  affinity  tor  tlio  other  elements,  and  is,  cunsequcDtly,  one  of  tlio 
most  unchangeable  of  all  substances.  Grains  of  wheat  charred  at  Hcrcu- 
laneum  nearly  2,000  years  ago,  still  retain  their  form.  "Wooden  posts,  if 
eharrfti  at  the  end  before  being  set  in  the  ground,  arc  rendered  far  more  dur- 
able. For  tho  same  reason,  it  is  a  common  practico  to  char  the  interior  of 
tabs  and  casks  intended  to  hold  liquids. 

Charcoal,  when  subjected  to  tiie  acljon  of  tho  most  intense  heat,  is  infus- 
ible, and  if  air  be  excluded,  it  remains  unchangeable.* 

At  high  temperatures,  however,  carbon  surpasses  all  other  bodies  In  its 
affinity  for  oxygen,  and  is,  oonseqaently,  more  suitable  than  any  other  sub- 
stance for  depriving  the  metallic  ores  or  oxyds  of  their  oxygen,  and  reducing 
them  to  a  metallic  state— an  operation  termed  smelting. 

Tlie  compounds  of  carbon  with  tho  other  elements  are  tormed  earburels,  or 
carlides. 

Newly  prepared  charcoal  possesses  the  remarkable  power  of  absorbing  and 
condenang  within  its  pores,  large  quantilies  of  certain  gases  and  aqueous  va- 
por. (The  explanation  of  tliis  phenomenon  has  been  already  ^ven,  §  48.) 
Charcoal  IVora  hard  wood,  or  that  which  possesses  fine  pores,  exhibits  this 
property  in  the  highest  degree,  and  the  gases  which  are  absorbed  most  abun- 
dantly are  those  which  are  most  readily  hquefled  by  cold  and  pressure ; 
thus  of  ammoniacal  gus  it  absorbs  90  timea  its  volume,  of  carbonic  acid,  35 
times;  of  oxygen,  9  times;  of  hydrogen,  1-75  volumes. 

Charcoal  in  a  finely-divided  state  has  also  the  power  of  absorbing  odorifcr- 
ona  effluvia,  and  the  colorir^  principles  of  most  animal  and  vegetable  sub- 
stances. Animal  matter,  in  an  advanced  state  of  putrefaction,  loses  tdl  offcn- 
dve  odor  when  covered  with  a  layer  of  charcoal ;  it  continues  to  decay,  but 
without  emitting  any  ill  odor. 
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Advantage  has  been  taken  of  tliia  property  of  charcoal  to  ci 
firilor  for  protection  againat  the  inhalation  of  malarioua  and  LofBttod  air.     It 
I  UJiata  of  a  hollow  caan  of  n  ire  gaoae  ailed  with  coarsoiy-powdered  charcoal, 
aid  fitted  over  the  mouth  ■iiid  nostrils  by  pj^  148. 

btrapa,  as  w  ripreaeutel  in  Fi^  14a  AJl 
Ihe  air  that  enters  the  lung's  must  pass 
through  this  charcoal  eciTP  and  in  bo  passing, 
IS  dcprntd  of  the  noxioua  va,por3  or  gases  it 
may  oontain.  For  persons  caRaged  in  hos- 
pitals diaaecting  rooms  the  holda  of  ships,  or 
m  the  vicinity  of  sewers,  this  device  is  most 
valuable.  Foal  water  filtered  through  a 
1  J  er  of  powdered  ol  ireo  jI,  is  deuDlorized  and 
1  nfi^  Tl  la  a  t  on  of  charcoal  may  be  il- 
lu  trated  bj  ag  tat  ng  water  conia  ning  sul- 
llur  ll«d  Ijdrogen  i  sol  ton  n  th  a  small 
1  antitvol  freshly  bum  d  powdered  cliareoal;  the  offensive  odor  will  com- 
) !  tely  bsappear  Sugar  refiners  render  brown  sugar  white  by  passing  it  in 
iiulu  OQ  tl  ough  ammal  charcoal  Ale  and  port«r,  subjected  to  the  same 
Fig  149  t  eatment,  are  not  ocJy  decolorized,  but  deprived  of 

tier  b  ttcr  principles.  In  case  of  poisoning  will) 
vegotille  poisons,  such  as  opium,  morphia,  stiych- 
n  a,  eti  one  of  the  beat  iinmedialfi  antidotes  which 
can  be  gven  is  powdered  charcoal  in  water:  this 
al  sorl  a  tl  e  poisonous  principle,  and  renders  it  inac- 
t  ve  The  decolorizing  action  of  charcoal  may  bo 
Uustrated  by  fillfiring  porter,  portrwine,  or  water 
colored  i  tli  ink  through  a  small  quantity  of  animal 
charcoal  (See  Fig  149 )  The  filtered  liquor  will 
be  depnvcd  of  smelt  taste  and  color. 

Ch'ircoil  Itses  its  absorptive  and  decolorizing 
propert  es  by  use  but  on  heating  it  afresh,  it  re- 
ga  ns  them 

Carbon  m  the  f  rm  of  the  d  amuod  is  a  non  conductor  of  electricity;  but  in 
all  «8  other  forms  it  la  an  eicelloot  conductor,  ranking  next  to  the  metals  in 
Uiis  respect.  In  a  state  of  fine  subdiviaon,  carbon  is  a  bad  conductor  of  lieat, 
but  its  conducting  power  increases  with  its  density. 

423.  Compounds  of   Carbon    and    Oxygnn Tl:e  compounds 

of  carbon  with  oxygen  and  hydrogen,  and  with  oxygon,  hydrogen,  and  nitro- 
gen, are  innumerable,  and  constitute  the  great  bulk  of  tlio  substance  of  all 
vegetable  and  animal  products.    The  consideration  of  these  compounds  be- 
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loDga  mainly  to  organic  oliemistry.  With  oxygen  alone  carbon  UDitos  directly 
to  form  oniy  two  oompounds — carbonic  oxyd  and  carbonic  acid.  Tlicir  com- 
position may  bo  refH-csented  aa  tbllows: — 


429.  Carbonic  icid,  CO,  is  the  sole  product  of  the  com- 
bustion of  pure  carbon  io  oxygen  giis  or  atmospheric  air. 
Tt  is  also  produced  abundantly  hy  all  the  ordinary  pro- 
cesses of  combustion,  by  respiration,  fermentation,  and  by 
the  decay  of  animal  and  vegetablo  products.  It  exists  in 
ft  free  state  in  the  atmosphere,  and  in  the  earth  in  im- 
mense quantities,  chiefly  in  combination  with  lime,  firm- 
ing carbonate  of  lime  (marble,  chalk,  etc.,  etc). 

For  an  account  of  its  discovery  see  §  329. 

430.  Preparation . — Carbonic  acid  may  be  prepared  by  buraicg  char- 
coal in  oxygen  gas  (p.  190) ;  or  by  allowit^  a  caudle  ta  bum  aa  long  aa  it 
wil!  in  a  closed  bottle  or  jar  filled  with  air,  Praotieolly,  bowever,  it  is  ob- 
tained in  a  puro  state,  moch  mora  conveniently.  It  being  a  feeble  acid, 
nlmest  every  other  acid,  which  dissolves  freely  in  water,  is  able  to  espel  it 
fi  om  its  compounds ;  it  is,  therefore,  easily  separated  from  its  compounds  by 
Ihe  aldition  of  any  of  the  common  acids.    Thus,  lr^;ments  of  ehalk  or  mar- 

m—  ir.n  'lis  with  al  ale  isater  are  placed  m  an  open-mouth  bottle,  Of 
in  in  evolutran  flask  Isee  Fig  150  also  F^.  95),  and  dlluta 
silpliuriG  or  hydrochlorio  acid  added  The  acid  aciaes  upon 
the  hme  and  displaces  the  carbonic  aud  ^shich  escapes  with 
n  efterveaoence  It  may  be  collected 
1  the  usual  way  over  Katcr  or  in  ^G-  lol. 

dry  botllc*,   by  the  dioplac  men 


;l    Proportici  —At  ordm 
I  iry  temperatures  an  1  rrcesi  rti,  lar 

0  acid  IS  a  oolorlfs,  transp'uvnt 
pungont  odor  aud  acidulous  taste     It  is  more  thu 
heavy  an-din  as  atmospheric  au'    its  specific  gravity 
1  529  (au-  =  1  000)    by  reason  of  its  great  denaitj 
pf  jrcd  from  one  vestj,!  into  another  hke  water 


I) 

Cirbonie  a 
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mixture  of  4  volamca  ntmosplicric  air,  and  1  rolumo  of  carbonic  acid.*  This 
property  may  be  strikingly  illustrated  by  placing  a  lighted  candle  at  tlie  bot- 
tom of  a  deep  jar,  and  llien  pouring  carbonic  acid  from  another  vessel  upon 
it,  aa  ia  represented  in  Mg.  151.  The  light  wUl  be  oxtit^nished  as  soon  aa 
the  gas  reaches  the  flame. 

Carboole  aiad  in  its  pure  state  is  irreapirable,  producing,  the  moment  it  la 
inhaled,  a  spasm  of  the  glottis,  which  closes  at  once  the  air  pass^ics  of  the 
lungs:  an  animal  immersed  !□  it,  therefore,  dies  of  suffocation.  Wiien  di- 
luted with  air,  it  may  bo  breaHied  without  difficulty,  but  if  tlie  proportion  in 
nhich  it  exists  in  the  air  exceeds  4  per  cent,  it  acts  as  a  narcotic  poison,  f  A 
proportion  of  10  to  12  per  cent  is  speedily  destructive  to  animal  life,  and  even 
so  small  a,  quantity  as  1  or  2  per  cent  is  deleterious  and  depressing.  The 
drow^ness  and  headache  experienced  in  crowded  and  ill-ventilated  apart^ 
menla  are  chiefly  duo  W  the  accHmulation  of  carbonic  acid  as  tbe  resulting 
product  of  respiration. 

Many  persons  have  lost  their  Uvea,  either  intentionally  or  by  acrident,  by 
sleeping  in  a  conSned  roorfl  with  a  pan  of  burning  cliarcoal ;  also  from  de- 
scending into  wells,  mines,  vats,  and  sewers  in  which  carbonic  acid  han  accu- 
mulated. Actudenia  ol  tlie  latter  cliaracter  may  bo  prevented  by  taking  the 
precaution  to  lower  a  lighted  candle  into  the  well  or  vat  suspected  to  contain 
this  gas,  before  descending  mto  it ;  if  the  light  remains  undiminished,  all  may. 
be  conadered  safe ;  but  if  the  flame  be  extinguished,  or  even  sensibly  im- 
pured,  there  is  evident  danger.  WoUa,  pits,  etc.,  containing  carbonic  acid 
may  bis  freed  from  it  by  lowering  into  them  pans  of  rcoently-burned  pulver- 

bPBii  pracHolly'appHca  for  Ihe  eiUngnlshraent 
ic  uel.l,  pneraled  bj  pav^lDg  air  through  a  fur. 

cnmbuBdgn  nrroatciL  Id  IIiIb  ymy.  a  coE,l-mlnilTi  En^and  Ihiit  had  heen  on  9re  for  tMrtj- 
ypais,  nndhadeitendednyer  twenty-riiflcrca,  waBcilmguishadiulSSl.  Aboul  8,000,1)01) 
cuhlc  feet  of  gas  vete  rcqulrea  U>  fill  the  mtne,  and  a  eontlnuotn  alroam  of  Impure  csr- 
bonio  Bdd  was  forced  io  by  the  agency  of  a  bleamjet^  day  and  nielli,  for  ebaat  Lhrea 
weeka.    TbedilhrultylaynDt  aomueblnpDttir^oiit  theRre,  aslDeeolingdovn  the  ignited 

to  effetitlhe  necessary  reduction  of  leniperature,  vater  was  blown  In  aLong  wEth  the  carbonia 
acid.  In  the  fbmi  of  a  Ane  spray,  or  miaC    SulueqaenUy,  cold  air  raised  vlth  the  spray 

to  be  completely  exttogulahed. 

A  portable  arrangenienl  for  exUnguisbin);  lirea,  termed  the  "Fire  Aimihilator,"  em- 
bodiei  the  same  piinclplei.    It  consists,  essentially,  of  a  tin  or  sheet-iron  oase.  contotnlng 

By  means  of  a  draple  arrangement,  this  bottle  of  aeld  may  he  brchen.  when  Its  contents, 
mlustlng,  If  taken  la  sufficient  quantity,  in  death.    Opium  and  morphia,  are  eiamplca, 
OUB  Influence  of  carbonic  acid  1    What  precautions  BhouM  he  |aliea  before  desotndlcs  Int* 
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ized  charcoal,  or  frosh  slacked  lime,  or  by  Blioworing  down  cold  water — all  of 
which  subslanocs  absorb  the  gas  freely. 

To  resuscitate  those  who  liave  been  exposed  to  tho  poisonous  action  of 
carbonic  acid,  dash  Cold  water  upon  them  freely,  and  assist  the  circulation  by 
friction  of  the  extremities. 

432.  'Waler  at  ordinary  temperatures  and  pressures  absorbs  about  two 
thirds  of  its  bulk  of  carbonic  acid;  but  it  will  take  up  mucii  more  if  the  pres- 
sure be  increased.  The  quantity  absorbed  is  in  exact  ratio  witli  the  compros- 
sing  tbroe,  the  water  dissolying  twice  its  volume  when  the  pressure  is  doubleil, 
and  three  times  its  volume  when  the  pressure  is  trebled.  On  removing  Uio 
pressure  tho  greater  part  of  the  gas  escapes,  and  produces  Uiat  effervescence 
which  we  sea  when  a  bottle  of  ginger-bocr,  soda-water,  eider,  or  champagne 
is  opened. 

Most  of  tho  beverage  sold  under  tho  name  of  soda-water  does  not  contain 
a  particlo  of  soda,  bnt  is  merely  water  impregnated,  by  mechanical  pressure, 
with  about  eight  times  its  bulk  of  carbonic  acid.  In  ibrmentiug  liquors  in- 
closed in  bottles,  on  the  contrary,  (ho  carbonic  acifi  is  gradually  evolved  by 
the  process  of  lemientation  in  the  interior  of  the  bottle.  As  ^t  as  it  is  set 
Iree,  the  hquor  dissolves  it,  the  pressure  of  the  gas  upon  the  inner  surlace  ol* 
the  bottle  increa^g  at  the  same  time.  Tho  pressure  thus  gttnerated  is  enor- 
mods.  and  beyond  a  certain  limit  the  cork  will  eitlier  be  Ibrc^d  out,  or  tho 
bottle  will  buret.  If  tlie  cork  be  withdrawn,  the  confined  gas  will  drive  out 
the  liquor  in  its  own  eagerness  lo  escape.  The  manu&cture  of  c1iampi^:De  is 
always  carried  on  in  vaults  &v  below  the  Burfkce  of  the  earth,  in  order  to 
secure  alow,  and  at  the  s^ne  time  aunifomi  temperature.  The  reason  of  this 
is,  that  the  absorption  of  carbonic  acid  by  the  liquor  is  greatly  assisted  bj  a 
reduction  of  temperature,  and  a  rise  of  a  few  degrees  of  the  thermometer  in 
the  vault  is  sometimes  accompanied  by  tEio  breakage  of  thousands  of  bottles. 

Fermented  liquors,  by  the  escape  of  their  carbonic  acid,  are  rendered  flut 
tmd  ini^pid.  A  thick,  viscid,  or  glutinous  liquor,  like  porter  or  ale,  retains 
the  little  bubbles  of  carbonic  add  as  they  rise  through  it,  and  is  thereby 
caused  to  froth ;  but  a  thin  liquor,  like  champagne  or  cider,  which  allows  tho 
bubbles  to  escape  freely,  only  sparkles. 

A  solution  of  carlxmic  acid  in  water  has  a  pleasant,  acid  taste,  and  tem- 
poralily  reddens  bine  litmus  paper.  Tho  solvent  powers  of  such  a  solution 
are  far  more  extensive  ilian  those  of  pure  water ;  and  the  liardest  rocks  and 
minerals  are  gradually  disintegrated  and  broken  down  by  the  long-continued 
action  of  water  charged  with  a  small  proportran  of  this  gas. 

433.  SolidifieatiOQ  of  Carbonie  Aciil.— When  carbonic 
acid  at  32°  F.  is  subjected  to  a  pressure  of  36  to  38  af- 

"  QuiBTrtowa.— What  la  the  Hotlilote  a^lnet  paisDidng  with  carbonic  iwdd  t  What  Is  said 
of  the  abBorption  of  cftrboTiic  acidby  iratcr?    What  [s  ordinary  *' soda-water?"    What  fa 

MlvBit  power  of  oubonle  acid  in  eeliiljon  f    What  Is  said  of  the  solidification  of  earbonio 
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moapheres,  it  condenses  into  a  liquid  as  transparent  and 
colorless  Jis  water.  If  a  stream  of  liquefied  acid  be  allowed 
to  escape  into  the  air,  it  freezes  by  its  own  evaporation 
into  a  white,  snow-like  solid.* 


■dwItUnilofvitrloL 
The  i^erati™  ta  oonducted  by  ■ 
of  Bofla,  »od  lliB  copper  Tessel  wi 


>nlD  arid.    After  ■ 
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In  this  condition  il  waafca  away  slowly,  and  may  Is  handled  and  molded 
wiUi  ease.  If  suffered  to  remain  in  contact  witli  tlie  skin,  liowever,  it  buma 
like  3  red-hot  iron. 

Wlion  a  little  mcreuiy  is  placed  in  a  porcelain  cup  and  covered  with  solid 
earbonio-add,  tho  addition  of  a  fow  drops  of  ether  occasions  so  rapid  an 
Evaporation  XbaX  tho  mercuiy  ia  immediately  frozen,  and  may  tlion  bo  ham- 
mered and  drawn  out  like  lend.  In  tbia  way  ten  pounds  of  mercuiy  may  be 
frozen  in  less  than  eight  minutes. 

434.  Lime-water  brought  in  contact  with  carbonic  add  gis  rapidly  absorbs 
it,  and  becomes  milky  from  the  formation  of  carbonate  of  hme  (chalk).  This 
reaction,  ther  ftr  constitute*"  a  test  for  the  preaence  of  carbonic  acid. 
Thus  if  we  e\:po9e  fresh  hme  wattr  to  the  air  a  pelhclo  of  carbonate  of  limo 

soon  forma  upon  its  Bur&ee  proving  the  pres- 
ence of  carhom:.  acid  in  the  atmosphere.  In 
hko  manner  by  blow  ir^  through  a  tube  (see 
Fig  153)  intfl  a  veesel  of  lime-water,  we  can 
demonstrate  the  ibundant  presence  of  carbonic 
acid  m  tlie  air  eicpctlcd  from  the  lungs.  The 
milkineas  occasioned  bj  the  contact  of  car- 
bonii  acid  with  Iimenater  disappe:irs  when 
I  additional  quantity  of  acid  is  taken  up  by 
1  the  solution — cjo'hoD-ite  of  hme  being  soluble 
a  an  excess  of  carbomc  acid.  Uany  natural 
vat^ra,  by  virtuo  of  an  eiceas  of  carbonic 
add  contained  in  them,  hold  very  considerable 
quantities  of  lime  in  solution,  and  are  thereby 
rendered  "hard."  "Wlion  such  waters  are  heated  or  agitated  with  air,  a  portion 
ot  the  carbonic  acid  escapes,  and  the  hme  is  precipitated — forming  in  boilers 
and  tea-kettles,  and  in  the  diannels  of  streams,  incrustations  of  hme. 

435.  Petrifactions. — It  oflien  happens,  when  an  organic  substance 
is  placed  in  water  holding  lime  in  Eolation  by  virtue  of  aa  excess  of  carbonic 
add,  or  other  mineral  matter,  that  its  partides.  aa  they  decay,  are  replacea 
by  particles  of  mineral  matter,  until  at  last  all  the  organic  particles  disappear, 
and  a  stony  mass  is  substituted,  which  resembles  the  original  substance  in 
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form  and  structare,  and  not  uaTrequently  in  color.  This  result  ia  termed 
petrifaction.  It  ia  s,  mistake,  howOTer,  to  suppose  that  the  ori^oal  particles 
are  converted  into  stone ;  for  the  prooesa  of  petrifaction  ia  one  of  replace- 
ment, and  not  of  eonrerfilon,  i.  e.,  a  particle  of  mineral  matter  of  the  same 
form  being  substituted  for  each  oi^ajiio  particle. 

436.  Tlie  preaeuce  of  carbon  in  carbonic  add  may  be  dcmonstratjid  by  drop- 
ping a  piece  of  ignited  potassium  into  a,  small  flask  filled  with  the  dry  gaa. 
The  potassium,  by  depriving  the  carbonic  acid  of  ils  oxygen  to  form  potasli, 
liberates  carbon,  which  is  deposiced  ia  (he  Ibrm  of  black  particles  upon  the 
walla  of  the  glass.  This  Gxpcrimcnt,  which  ia  a  very  striking  one,  may  also 
be  performed  by  igniting  a  bit  of  potassium  iu  a  glass  tube,  through  which 
a  current  of  dry  carbonic  add  is  at  the  same  time  transmitted. 

437.  Carbonic  acid  ia  evolved  from  the  earth  in  many  looalilieai  particu- 
larly In  voicaoio  district!  At  one  locality  near  Vesuvius  in  Italy,  it  ia  esti- 
mated tliat  600  Iba.  weight  are  discharged  every  twenty-four  bours. 

438.  The  Baits  formed  by  the  miion  of  carbonic  add  with  the  protosyda 
of  the  metals,  are  numerous  and  important  and  are  tenned  CiRBONiTEa. 
They  are  easily  decomposed  by  contact  with  the  stronger  acids,  and,  with 
the  exception  of  the  carbonates  of  the  alkalies,  tboy  are  for  the  roost  part  in- 
soluble in  water. 

439.  Cofbonic  Oxyd,  CO.— When  carbonic  acid  ia  passed 
over  red  hot  coal,  or  metallic  iron,  it  loses  half  of  its  oxy- 
gen, and  becomes  converted  into  carbonic  osyd. 

Tills  reaction  ia  often  witnessed  in  coal  fires.  Tho  fuel  iu  the  lower  part 
of  tlio  grate,  which  has  free  aeces  to  *dr,  gencrafea  by  its  combustion  carbonic 
add.  This  pasang  up  through  the  interior  of  the  fire,  whore  the  supply  of 
sir  is  limited,  ia  deprived  of  half  of  ila  oxygen,  and  becomes  carbonic  oxyd, 
while  at  the  same  time  tho  carbon  of  the  heated  fiiel  which  lias  entered  into 
combination  with  the  removed  oxygen  fiimishes  another  equal  quantity  of  the 
same  gas.  On  coming  in  contact  with  the  air  at  the  top  of  the  fire,  the  car- 
bonic oxyd  ignilea,  and  burns  with  a  flickering,  pale-blno  flame.  This  phe- 
uomenon  may  be  particularly  noticed  in  a  charcoal  fire,  when  fresh  coal  has 
been  recently  added. 

Carbonic  oxyd  is  a  transparent^  colorless  gas,  which  is  much  more  poison- 
-ous  than  carbonic  add ;  and  the  inhalation  of  air  containing  one  two  httn- 
dredthaofit,  for  any  considerable  length  of  time,  is  sad  to  be  fatal  Carbonic 
oxyd  may  be  obtainect  with  ladlity  by  heating  crystallized  oxalic  acid  with 
five  or  six  times  its  wdght  of  concentrated  sulphuric  add  in  a  glass  retort, 
and  collecting  over  water.  As  thus  pr^iared,  it  contains  carbonic  add,  from 
which  it  may  be  separated  by  allowing  the  mixed  gasea  to  bubble  through 
milk  of  Ume,  or  solution  of  pot^h. 
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■y  goaerating  tbe  carbonic  oxyd  in  tho  same  manner  in  a  test  tube  fitltil 
with  a  porforatad  cork  and  jet,  F^.  1 54,  tbe  gaa  niay  bo 
Fio.  154.         ignited  as  it  is  evolyed,  and  its  peculiar  blue  flame  ex- 
liibitcd. 

440,  Carbon  aod  Sulphur. 
Bi. Sulphide  of  Carbon,  CS}.  —  ■When  frag. 
ment3  of  sulphur  are  dropped  upon  ignited  cliarooai 
contained  in  a  peculiarly  arranged  earthen  retort,  tho 
sulphur  in  tlie  form  of  vapor  unites  witli  tbe  carbon,  and 
tlie  product  of  the  combination  distdlitig  over,  may  he 
J  condeuaed,  in  cooled  receivers,  into  a  colorless,  transpa- 

y  -5;         rent  liquid — b[-su]phide  of  carbon. 

^JjL^  .^^^^  '^^'^  compound  ia  liigbly  volatile  and  iullammabla,  and 
^^Bq^^^P  ^  charoctcrizod  by  a  most  fostid  and  peculiar  odor.  It 
^Jj^^^^  poaseases  Hie  power  of  refracting  light  in  a  remailtablo 
mannor,  and  as  the  most  ready  solvent  known  of  gutta-percha,  tudia-rubber, 
aod  various  greasy  and  resinous  substances,  it  La  somewhat  extensively  ap- 
plied to  maaufdcturii^  purposes.  It  also  dissolves  sulphur,  pliospborus,  and 
iodine— these  bodies  being  deposited  again  in  beautiftil  crystals  by  the  <  vapo- 
ration  of  their  solvent, 
441.  Carbon    and    IVilrogeii. 

Cyanogen,  NO  or  Cy.— This  substance,  which  is  one  of  th-  mnst 
iateresting  compounds  of  carbon,  atriklngly  resembles  an  element,  and  n.is  the 
first  compound  body  which  was  distinctly  proved  to  be  capable  of  entering 
into  combination  with  iJie  elements  in  a  manner  similar  to  that  in  whicli  tha 
elements  combine  vrith  each  other. 

This  discovery,  made  in  1814  by  Guy  Lussac,  formed  an  epoch  in  chemical 
science,  and  by  ori^nating  new  views  of  chemical  composition,  revolution- 
ised the  whole  subject  of  oi^nie  chemistry.  Since  then,  numerous  other 
bodies  have  been  discovered,  which  deport  themselves  in  respect  to  Hie  ele- 
ments exactly  as  cyan<^en  does — or  in  other  words,  as  if  they  themselvea 
ivere  elements.  Such  compound  bodies  are  known  in  chemistry  as  compound 
or  organic  radicals; — the  elements  beitjg  simple  radicals.     (See  §  271.) 

The  name  cyam^^en  (biue-producer,  ikim  the  Greek  niiavof,  btue)  is  derived 
from  the  drcumslance  tiiat  this  body  forms  an  essential  ingrodiont  in  tho  pig- 
ment, "Prussian  Bine." 

Cyanogen  COnsisla  of  2  equivalents  of  carbon,  and  1  of  nitrt^OQ ;  but  no 
direct  union  of  these  elements  can  be  effected. 

For  experimental  purposes  on  a  small  scale,  it  may  be  obtained  by  heating 
in  a  small  retort,  or  test  tube  (see  Fig.  155),  the  salt  known  as  cyanide  of 
mercury,  previously  reduced  to  a  fine  powder,  and  well  dried.     The  cyanide 
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5S  dccompoaition,  like  the  oxyd  of  mercury  under 
thB  same  circumataQccs  (g  281),  yielding  metallic  mer- 
cury and  gaseous  cyanogen,  wliicli  ehould  be  collBcted 
over  mercury. 

4'12.  Properties . — Cyanogen  is  a tranaparenl, col- 
orless gas,  witll  a  pu[^nl,  peculiar  odor,  somewhat  resem- 
bling that  of  peach  kernels ;  it  in  nearly  twice  as  heavy 
as  atmoapheric  air,  and  whon  inlialed,  is  poisonous.  It  is 
inllanimable,  and  bums  wilh  a  beautiful  and  character- 
istii!  purple  flame.  At  a  temperatu  — i  F  hq  Sis, 
and  forma  a  colorless,  limpid  Iqdnhih&zc  at 
— 30°  P.  into  a  tramsparcut  solid. 

CyanogGO  in  many  of  ita  prop  rti  ae  y  mblri!     i 

chlorine,  and  like  It  unites  with  hydro"  d  to  an 

add,  and  with  the  metals  to  (brm  <ia  s,  tt  m  an  des, 

which  latter  possess  the  charactensti    p  es        he  haloid  salts. 

443.  Ferrocyanide  of  Potagsnim,  HaPetj-j-t-sHO.— 
Prussiale  of  Potash. — Tlie  compounds  of  cyanogen  are  almost  ^ways  obtained 
from  a  salt  known  as  ferrocyanido  of  potaaaum,  or  yellow  prusaate  of  polaah, 
■which  is  a  double  cyanide  of  potassium  and  iron.  This  salt  is  prepared  on  a 
latg^  scale,  by  heating  in  a  covered  iron  pot  or  retort,  about  S  parts  of  refuso 
animal  matter,  such  as  the  parings  of  hooft,  boms,  hides,  dried  blood,  etc., 
with  2  parts  of  carbonate  of  potash  (pearlash),  and  iron  Blinga.  At  a  high 
temperature  the  nitrogen  and  carbon  of  the  animal  substances  react  upon 
cadi  other,  and  form  cyanogen,  which  combines  wilh  potassium  derived  fivm 
the  potash,  and  with  iron.  On  digesting  the  mass,  when  cold,  with  water, 
the  iijrrocyanide  of  potasaiam  (Ks,  Fe  Cyj+3  HO)  is  formed,  and  may  be  ob- 
tained, bj  Altering  and  evaporating  the  polution,  in  splendid,  yellow,  flat 
crystals.    In  Oils  condition  it  forms  an  important  article  of  commerce. 

444-  Prufinlnn  Bine . — When  a  solution  of  ferrocyanide  of  pntasBium 
is  added  to  a  solution  of  peroxj'd  of  iron,*  a  beautiful,  deep-blue,  bulky  pro- 
dpitate  is  obtained,  which,  when  washed  and  dried,  constitutes  the  well- 
known  pigment,  IVusaian,  or  Berlin  blue — so  called  fVom  its  discovery  at 
Berlin,  m  Prussia,  in  1110.  Tliis  substance  is  largely  used  in  painting,  in 
calico-printing,  and  dyeing,  in  stiuning  wood  and  paper,  and  for  concealing  or 
neutraUring  the  yellow  color  of  Hnen  {an  operation  termed  blueing).  Cloth 
may  be  dyed  blue  by  first  immersing  it  in  a  solution  of  peroxyd  of  iron,  and 
tlien  in  one  of  ferrocyanide  of  potesaum ;  the  two  substances  thus  meeting 
in  the  structure  of  the  cloth,  precipitate  or  produce  the  color  in  tie  very  in- 
terior of  the  Sbers. 


QiiEaT»i:<B.~WlAt  nre  ita  propErtli^sT  TChit  ts 
'WlutiBferrticrsiilileof  potuslntn?  How  Is  it  pi 
p»redf    Wh:U  are  ita  nMSf    How  i^i  cloth  dyed  of 
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445.  Bine  I  n  It  .—Prussian  blue  I3  insoluble  in  water  and  in  dilute  acitls, 
with  the  exception  of  oxalic  ajad.  The  blue  liquid  obtained  from  Lis  sululion 
in  Ihia  acid,  thickened  with  gum,  constitutes  tho  well-known  blue -ink,  or 
writing  fluid. 

The  color  of  Prussian  blue  is  not  very  permanent,  and  la  instantly  destroyed 
by  the  action  of  tlie  alkalies.  Tho  substance  itself  is  formed  by  tbe  union 
of  cyanogen  with  iron;  nod  its  compo^tion,  which  is  somewhat  complex, 
may  be  represented  by  the  formula  (3  Fe  Cy+2  Fc.  Cj-j).  Although  con- 
taining cyanogen,  a  poison,  I'ruESian  blue  is  not  poisonous,  and  is  used  by 
the  Chinese  in  large  quantities  for  the  coloration  of  "  green  tea."* 

When  ferrocyanide  of  potassium  is  added  to  a  solution  of  protoxyd  of  iron 
fereen  vitriol),  it  occasions  a  greenish-white  precipitate,  which,  by  exposure 
to  ah,  rapidly  becomes  blue. 

Ferridcyanlde  of  Potasslam . — When  chlorine  gas  is  passed 
Uirough  a  solution  of  ferrocyanide  of  potassium,  a  salt  cryaUlhzing  in  ruby  red 
ciystals  is  obtained,  which  contsuna  a  larger  proportion  of  cyanogen  than  tho 
ferrocyanide  of  potassium ;  and  is  known  as  the  ferridcyanide  of  putaasium, 
or  the  red  Prussiale  of  potash.  When  added  to  a  solution  of  the  prol«xjd  of 
iron,  it  produces  a  dark-blue  precipitate,  but  with  solutions  of  the  peroxyd  it 
forms  no  precipitate.  By  the  use,  therefore,  of  the  fcrro  and  ferrid  cyanides 
of  potassium,  chomista  are  easily  able  to  distinguish  hetween  salts  of  tho  per- 
oxyd  and  salts  of  the  protoxyd  of  iron. 

446.  Cyanide  of  Polassium,  KCy.— When  8  parts  of  ferro- 
cyanide of  potassium,  3  of  carbonate  of  potash,  and  1  of  charcoal,  are  exposed 
to  a  strong  red-heat  in  an  iron  crucU)le,  a  compound  of  cyanogen  and  potas- 
sium is  obtained — the  cyanide  of  polassium.  This  salt,  when  pure,  somewhat 
resembles  white  porcelain  in  appearance  ]  it  is  freely  soluble  in  watar,  and 
when  taken  into  the  stomach,  is  a  deadly  poison.  Tlio  hands  of  tlie  work- 
men who  use  this  salt  are  also  liable  to  ulceration. 

Tho  solution  of  cyanide  of  potasMura  la  water  possesses  the  property  of  dis- 
solving most  of  the  metallic  oxyds,  especially  those  of  tho  precious  mctala ;  it 
is,  on  tills  account,  tlierefore,  extensively  used  for  the  preparation  of  the  gold 
and  silver  solutions  employed  m  electro^ilding  and  plating.  A  solution  of 
cyanide  of  potassium  wUl  dissolve  out  the  black  marks  of  "indelible  ink," 
which  is  a  solution  of  the  oxyd  of  silver. 

447.  Hjdroeyanic  Aciil,  HCy.  —  Prussic  Acid. —  This 
coQjpound,  eo  remarkable  for  its  poisonous  properties,  is 
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formed  by  the  indirect  union  of  cyanogen  and  hydrogen. 
It  is  easily  obtained  by  diatilHnj^  cyanide  of  potassium 
with  dilute  sulphuric  acid. 

The  reaction  is  similar  to  tliat  involved  in  tbo  production  of  hydrochlorio 
acid  from  common,  salt  and  sulphuric  acid  (§  358),  tiiua: — 

Cyjuilda  of  pofiuilum.        Solph.  KJfl.  Sulph.  polish.  Hjdrarfmlc  mid. 

,  KCj      +      SOj,  no      —      KO,  SO3      +    HCy. 

In  its  pure  state,  hydrocyanic  acid  is  a  colorleaa,  tra,nsparent  liquid,  with  a 
feeble  acid  reaction.  It  is  lighter  than  water,  and  so  extrenielj  volatile,  that 
if  a  drop  be  allowed  to  &1I  upon  a  glass  plate,  a  part  of  the  acid  will  be  frozen 
by  ita  own  evaporation.  Its  vapor  baa  an  odor  of  peadi-blosaoma  or  bitter 
almonds,  and  both  of  these  auljstances  owe  tlieir  j>oculiar  flavor  in  part  to  the 
presence  of  thia  acid  in  their  composition. 

Hydrocyanic  acid  is  the  moat  fetal  of  all  the  poiaons  knoivn  to  the  chemist. 
A.  Bi[^le  drop  of  the  concentrated  acid  upon  the  toi^ue  of  a  large  dog  pro- 
duces immediate  death ;  and  a  slight  inhalation  of  its  vapor  occasions  very 
disagreeable  aensaMons.  When  krgelj  dilat«d  with  water,  it  is  sometimea 
given  in  medicine  in  very  minute  doses.  Ammonia,  brandy,  and  chlorine 
are  its  beat  antidotes.  A  suspension  of  animation  occasioned  by  an  over-dose 
of  it  does  not  always  result  in  death,  if  proper  remedies  are  employed. 

Fhysiolo^sts  are  not  fiilly  agreed  as  to  Uio  cause  of  tiio  almost  instantan- 
eous death  occasioned  by  this  acid.  By  some  it  is  supposed  to  act  upon  the 
vital  organs  by  reason  of  a  sympathetic  shock  transmitted  to  tiie  nerves ;  and 
by  others  the  effect  is  ascribed  to  an  almost  immcttiate  absorption  of  Uic  poison 
into  the  system. 

Various  parts  of  many  plants  belonging  to  tho  order  Rasacea,  flucii  as  bitter 
aimonda,  the  kemela  of  plums  and  poaches,  tlie  leaves  of  the  cherry-laurel, 
etc.,  yield,  on  distillation  with  water,  a  sweet-smeLing  liquid  containing  hy- 
drocyanic acid. 

448.  Cyanegon  and  Oxygen . — Cyanogen  further  resembles  an 
clement  in  the  circumstance  that  it  is  capable  of  unithig  with  oxygen,  in  sev- 
eral proportions,  to  form  acids,  which,  in  turn,  unite  with  bases  to  produce 
aalts.  The  two  best  known  of  these  osyds,  cyanic  and  fiilminic  acids,  have 
va  identity  of  chemical  constitution,  but  entirely  different  properties. 

449.  CyaniD  Acid,  CyOiaa  highly  volatile  Uqnid,  which  decomposes 
quietly,  hot  so  readily,  that  it  is  exceedingly  dif&ou!t  \a  preserve  it  in  imal- 
tered  condition ;  ita  sails  are  termed  eyanates. 

450.  FDlminic  Acid,  Cy,0,,  which,  like  cyanic  add,  ia  composed 
of  equal  atoms  of  cyanogen  and  oxygen,  is  not  known  in  a  separate  state.  Ita 
compounda  with  tliomotaUio  oiyds  are  termed  fulminates,  since  they  eiplf*le. 
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from  Itie  d'^hteat  diaturbii^  caiweB,  with  fearful  riolence.  The  pompound 
with  mercuTy,  turmeii  "fiilminatiog  mercury,"  ia  prepared  by  diasulvLng  1 
part  of  mercury  iu  13  parta  of  nitric  acid,  and  mixing  the  aolution  with  an 
equal  quantity  of  aleoiiol ;  on  tlie  ^plication  of  geiiHe  licat,  chemical  action 
cnauea,  accompanied  by  tho  evolution  of  copious  white  fumes,  and  the  fulniiu- 
ale  separates  in  white  crystoUioo  grains.  As  thua  obfeuned,  it  constitutes, 
when  mixed  with  hx  ti-nea  ilfl  weight  of  saltpeter,  and  made  into  a,  paste 
witli  water,  the  composition  used  for  31luig  percus^on  caps. 

Besides  tho  fbhntnate  of  mercary,  aiiai;^ous  compounds  may  bo  formed  in 
a  similar  manner  with  oxyda  of  BQver,  copper,  zinc,  and  other  of  the  elements. 
All  of  them  are  exceedingly  dangerous  to  handle,  and  the  fuhninate  of  silver 
ranks  next  to  the  chloride  of  nitrogen  in  explosive  character!  thus,  it  explodes 
under  water  when  heated  t«  212"  F.,  and  also  when  in  a  inoist  state  by  fric- 
tion with  a  hard  body ;  when  dry,  the  touch  of  a  feather,  or  tho  vibration  of 
the  house  occa^oned  by  the  rolling  of  a  carriage,  is  also  sufBcient  to  cause  its 
violent  decomposition.  Tho  fulminic  acid  separates,  on  explodmg,  into  nitpo- 
gen,  carbonic  Oxyd,  and  the  vapor  of  water,  tho  motal  beuig  set  free.* 

451.  Compounds  of  Carbon  and  Hydrogen.— Tbc  com- 
pounds of  carbon  with  hydrogen  ure  numerousj  and  are 
all  derived  I'nim  the  decomposition  of  bodies  of  aa  or- 
ganic origin.  Some  of  these  are  liquid,  some  solidj  and 
others  are  gaseous. 

The  coDSuieration  of  two  of  them  only  properly  pertains  to  the  department 
of  inoi^anio  chemistry.  These  are,  ligiit  carburotted  liydrt^en  gas,  CslI,,  and 
heavy  carburetttd  hydrogen,  or  Olefiant  gas,  CiHi. 

452.  Light  Carburetted  Hydrogen,  CiUt— Harsh  Gas ;  Fire- 
damp.— This  gas  occurs  abundantly  in  nature.  It  is  evolved  from  rock-flsaures 
in  coal  mines,  and  forms,  in  connection  with  atmospheric  air,  an  explosive 
compound,  known  to  the  minors  aa  "firL-damp."f  Itis  also  aconstant  product 
of  the  putrefective  decomposition  of  wood  and  other  carbonaceous  bodies  un- 
der water,  and  may  be  obtained  from  this  sonrce  by  stirring  tho  mud  at  l!io 
bottom  of  stagnant  pools,  and  collecting  the  gas  aa  it  rises  by  means  of  an 
inverted  bottlo  and  tunnel.  (See  Fig.  155.)  At  Kanawha,  in  Virginia,  this 
gas  rises  in  immense  qufltitilics  in  comicction  with  salt-water  from  Artesian 
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Fig  155 


wells,  and  being  conducted  by  an  ar- 
rangement of  pipes  under  tlie  sa 
boilers,  funti^ea  sufficient  heat     y 
its  combustion  to  evaporate  the  l>nn 
A  similar  natural  aupply  of  thia  yiA 
in  the  town  of  Frcdonia,   in  New 
York,  has  for  many  years  past  been 
cslsnaivoly  applied  for  illiiniina,t  ng    . 
purposes. 
4qJ  Propertio8.-Light  ca 

b  iri,tb)d  hydrogen  is  a  colorless, 

odorous,  tasteless  gas,  slightly  solub  e 

in   water,   and   when   diluted   with 

common  air  may  be  inhaled  wi  h 

out  injury      lis  we^ht  is  about  half 

that  of  air     Itdoea  not  support  co 

bustion,  but  is  itself  inHammable,  a 

burns  with  a  yellow,  luminous  flan 

"When  mingW  with  air  or  oxygen  gas     f  rms  eicp  oa   e    on  pou  ds.     lOo 

paita  of  tills  gas  by  weight,  consist  ol  i5  carbon  and  _o  hjdrogcn. 

45iHeavy  Carbur*lted  Hydrogen.  Oloflanl  Gas,  C4II4. 
— This  gas  was  diaeovored  in  1796  liy  an  association  of  Diitch  chemisls,  who 
gave  it  the  name  of  "  olofiant"  (oil-produeer),  from  its  formation  with  chlorino 
of  a  compound  liaving  tlie  appBarance  of  oil.  It  does  not  occur  naturally, 
but  is  obtained  by  tJie  destructive  distillation*  of  oil,  and  also  in  connection 
with  light  earburetted  hydrogen  and  some  otlior  subsinnees,  when  coal,  resin, 
tar,  aspliallum,  fat,  animal  refuse,  and  similar  inllaminablo  matters  are  distilled 
for  the  purpose  of  obtaining  gas  for  artifloial  illumination. 

Olefiant  gas  is  easily  prepared  by  heating  to- 
gether 1  measure  of  strong  alcohol  with  2  meas- 
nrea  of  oil  of  vitriol  in  a  retort  or  flask  capable  of 
holding  at  least  four  limes  the  bulk  of  the  liquid 
introduced.     (See  Fig.  156.)    The  gas  comes  off 
freely  at  first,  but  by  degrees  the  mixture  black- 
and  IVotba  up,  so  that  a  careful  regulation  of 
the  heat  is  necessaiy.     It  is  accompanied  by  the 
.   vapor  of  e^er,  and  toward  the  close  of  the  pro- 
«ss  by  sulphurous  acid  in  large  quantities ;  but 
t  may  be  purified  by  causing  it  to  pass,  first 
lirough  a  Woulfe's  bottle  containing  a  solution 
~  of  potaali,  then  through  oil  of  vitriol,  and  finally 
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455.  Propertioa . — OlefiaEt gas,  as  thua  prepared,  is  a  colorlosa  gas, 
with  a  laint,  sweetish  odor.  It  is  ^yhtly  solublo  in  water,  and  haa  about  the 
Bamo  density  as  air.  It  was  liquefied  by  Faraday  under  great  cold  and  pres- 
sure, but  remained  unfrozen  at  — 166°  F. 

Olefiant  gaa  does  not  aupport  liie  or  combustion,  but  is  itself  very  inflam- 
mable, and  bums  with  a  splendid  white  liglit,  fer  surpassing  in  brilliancy 
that  produced  by  fight  caiburetted  hydrogen.  When  mixed  with  oxygen 
and  fired,  it  explodes  with  great  noise  and  violonco.  This  may  bo  illustrated 
by  passing  bubbles  of  tlie  mixed  gaaes  through  water,  and  igniting  tbem  at 
the  aurEioe,  caro  being,  taken  not  to  commmiteate  fire  to  the  vessd  containing 

The  composition  of  oloflant  gas  is  2  volumes  of  hydrogen  and  3  of  carbon 
Tapor  condensed  into  1  volnme. 

When  olefiant  gaa  is  mlsed  over  water  with  an  equal  volume  of  chlorine, 
the  two  gases  gradually  unite,  and  form  a  heavy,  sweetish,  aromatic  liquid. 
Thia  aubstance,  which  collects  in  oQy-looking  drops  in  tlio  water,  is  commonly 
linown  as  "  Dutch  liquid,"  from  its  discoverers. 

An  instructive  experiment  may  be  also  performed  by  mixing  in  a  tall  jar  2 
rneaaurea  of  chlorine  and  1  of  olefiant  gas.  On  applying  a  light  to  the  mouth 
of  the  vessel,  tlie  mixture  burns  quietly — the  chlorine  uniting  witli  the  hydro- 
gen to  form  hydrochloric  awd,  while  the  carbon  is  deposited  in  the  form  of  a 
dense  black  amoke. 

456.  lllnminaling  Gas,  prepared  by  distilling  in  close 
vessels  bodies  rich  in  hydrogen  and  carbon,  but  deficient 
in  oxygen,  is  always  a  mixturo  of  olefiant  gas,  light  car- 
buretted  hydrogen,  carbonic  oxyd,  and  hydrogen  in  va- 
riable proportions,  depending  upon  the  nature  of  the  sub- 
stance, and  of  the  process  of  manufacture. 

The  moat  valuable  constituent  of  all  illuminating  gases,  is  olefiant  gas;  and 
if  this  gas  could  be  procured  Buffieiently  cheap,  it  would  be  used  alone  in 
preference  to  all  others ;  but  as  this  is  not  the  case,  we  are  obliged,  from  mo- 
tivoa  of  economy,  to  be  content  with  a  mixture  of  olefiant  and  other  gases, 
such  as  is  yielded  by  the  decomposition  of  oils,  6ts,  re^ns,  coals,  and  the  like 
substances.  Oils  and  fats,  when  distilled,  yield  a  product  very  rich  in  ole- 
fiant gaa,  which  has  double  the  illuminating  power  of  the  best  eoal  gas,  and 
three  times  that  of  ordinary  coal  gaa.  Resins  also  yield  a  highly  illuminating 
gas.  The  first  cost,  however,  of  oil  and  resin  is  so  much  greater  than  timt 
of  coal,  that  the  former  are  not  able  in  an  economical  point  of  vie*,  to  com- 
pete with  the  latter,  although  the  product  of  gas  from  coal  is  every  way  m- 

OtTKBTioKS.— WhatdTEitaproiwrliesT     WliiHaiiairt  of  the  HUimiDatiTig  ptoperliea  of 

tombustionwilh chlorine?    Whil  Is  illnminiittng  gnt^    TVhat  is  lis  most  veIuaIiIi;  con- 
stituent r    What  are  the  compBTaCive  vsluea  of  oils,  TeBlDS,  and  cosls  for  Uio  nuuiufacEuia 
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fciior  to  that  from  oil  and  rcB'm. 
Tims  a  pound  of  coal  pdds  &om 
3  to  4  cubic  feet  of  gTS ,  a  pound  of 
oil,  15  cubic  fLLt,  of  tdi,  13,  and 
ofrcan,  10. 

457.  Coal  Q  1  s  i-i  only  produced 
from  the  bituminous  ■vjrietiBa  of 
coal,  but  all  bituminous  cotUs  ire 
not  fitted  for  gaa  manuGicture  Tlie 
production  of  gaa  depends  upon  the 
application  of  a  higli  lemperaturo  (l 
Uio  coal  At  a  moderate  heat,  such 
as  400°  F.,  the  volatile  conititueuts 
of  the  coal  separate  mamly  as  hquids 
— oil  and  tar — with  little  or  no  ad 
mixture  of  permanent  gas ,  but  d 
a  cheny-red  heat,  or  a  littlo  h  gliT 
there  is  an  abundant  production  d 
gas,  with  only  a  sm^  product  r 
of  tar,  cte.  That  variety  of  c  I 
known  as  "  cuinel, '  is  fir  siipcri 
to  all  otliers  for  the  produtliun 
gas. 

The  manuGicturB  of  coil  fc»3 
divided  into  tliree  proccssis,  riz. 
formation,  purification,  collecti 
and  distribution 

Its  formation  is  always  ef- 
fected in  Bemi-cihndncal 
tubes  of  cast-iron,  called  re- 
torts, arranged  m  fUrnacea, 
as  IS  repre^nted  at  R  F, 
Tig  157  The  0)  hndera  are 
closed  at  tlie  pnstenor  end, 
and  optn  in  ftont,  each  being 
prov  id'  d  with  a  door,  which 
IS  mide  to  ht  -ur  tif,ht  by 
ineanB  of  screws  and  moist 
claT  In  very  extensive 
gaa  works  there  are  from 
400  to  500  retorts  of  which 
from  200  to  300  are  worked  ni^ht  itid 
about  120  Ih'i.  of  coM  e\cry  6  hoiin 
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Iho  volatile  produda  of  the  coal  have  been  erolvecl,  is  coke,  which  is  raked 
out,  eoolod,  and  used  for  fuel.  It  is  worth,  for  heating  purposes,  as  mach  or 
more  tlian  the  coal  originally  was  from  which  it  is  derived,  and.  thprefori', 
(ho  cost  of  Hie  coal  used  in  the  retoiia  is,  theoretically,  nothing  Kb.  ISS 
represents  the  manner  of  cliap^ng  and  clearing  the  retorls,  and  tbe  gcucml 
nppoaranco  of  the  furnaces  of  Lirge  gas-works. 
Fio.  1S8, 


The  volatile  prodaets  evolved  by  hont  from  the  coal  are  light  and  heavj 
caibm-etted  hydrogen,  carbonic  oxyd,  hydroaen  oily  vapora,  sulphurtus  acid, 
Bulphnrettcd  liydrojen,  ammonia,  carbonic  a(id,  aqueous  lapor  mtrt^en,  and 
Braall  quaatities  of  many  other  sub=itancea.  This  miiture  is  totdlli  unfit  for 
illuminating  purposes  until  purified,  which  is  accomj  lished  as  follows  — 

QrasTios.— Whit  are  Iho  volutile  proilucu  evolrod  from  Iho  coull  ~         ~ 
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The  gases  anil  vapors,  as  they  are  evolved  from  tlio  coal,  flow  out  of  tlio 
reWrta  Oiroi^h  iron  pipes  into  a  receiver  half  filled  with  water,  which  is 
called  the  hydraulic:  main,  H,  Fig,  157— the  extremities  of  tlie  pipes  dipping 
beneath  the  sm^ace  of  the  water,  io  order  to  prevent  the  gas  ftom  returning 
ink)  the  retorts  when  the  doors  arc  opeued.  In  the  hydraulic  main  a  consid- 
erable quantity  of  tho  matters  volatdized  with  the  gas  are  deposited,  viz., 
ammonia  and  tho  oily  vapors,  which  condense  into  a  bhick,  semi-liquid  mass, 
known  as  "  coal-tor."  The  gaseous  producls,  howover,  being  still  hot,  retoin 
various  otiier  matters  in  a  T^mrous  atale,  which,  unle^  separated,  would  ui 
cooling  condense  in  distant  parts  of  the  apparatus,  and  stop  up  tlie  pipes. 
The  hot  gas  is  thereibre  made  to  pass  from  the  hydraulic  main  into  large  up- 
right iron  tubes,  aurrouoded  witli  •cold  water,  which  are  called  condensers, 
in  which  the  remaining  vi^rs  condense  into  a  liquid,  and  trickle  down  into 
reservoirs  provided  for  their  reception,  C,  Fig.  1S7.  From  the  condensers, 
the  gas  passes  through  a  cylindrical  vcssei  P,  Fig.  157,  filled  with  cream  of 
lime,  kept  in  a  state  of  constant  a^tation  by  means  of  a  wheel,  or  sturor,  e  s. 
This  lune  reraovea  the  carbonic  add,  the  sulphur  compounds,  and  the  re- 
maining ammonia  from  the  gas,  which  is  then  dischai^  into  tlie  gasometer, 
and  is  ready  for  distribution. 

Dry  Ikne  arrai^d  upon  a  scries  of  shelves,  over  which  tho  gas  is  made  to 
pass,  is  also  used  for  purification.  As  the  gas  leaves  the  lime-purifiers,  the 
aqueous  vapor  which  it  always  contains  in  a  greater  or  loss  quantity,  takes 
up  mechanically  certain  portions  of  the  hmc ;  each  little  particle  bting  in- 
closed in  a  microscopic  vesicle  or  bubble  of  vapor,  wliich  iloats  in  tho  gas 
with  its  burden  like  a  mmiature  balloon.  In  the  corabosrion  of  the  gas  these 
vesicles  of  vapor  burst,  and  their  inclosed  particles  of  lime  being  liberated, 
occasion  tho  sparkling  which  may  bo  generally  observed  in  the  flamo  of  coal 
gas. 

In  the  bepnnmg  of  the  distillation,  the  defiant  gas  forms  about  one  fitlli 
of  tho  entire  volume,  but  toward  the  end  of  tlie  process,  or  by  too  strong  a 
red-heat,  its  quantity  conaderably  diminishes,  while  tliat  of  hydrogen  increases. 
The  groat  bulk  of  ordinary  coal  gas  is  light  earburetted  hydrogen;  the  gas 
first  given  off  from  good  co^s  oonasting  of  13  of  olefiant  gas,  B2-5  earburetted. 
hydrogen,  3-2  carbonic  oiytl,  and  1-3  nitrogen.  After  the  lapse  erf  6  hours 
the  product  consists  of  7  oleflaiit  gas,  5a  earburetted  hydrogen,  11  carbonic 
oxyd,  21'3  hydrt^en,  and  47  nitrogen.  Tlie  freo  hydrogen  and  carbonic 
oxyd  present  in  coal  gas  give  no  light,  and  are  positively  injurious,  by  dilute 
lag  the  illuminating  gases. 

Gas  is  sold  by  the  cubic  foot,  or  by  the  thousand  cubic  feet ;  and  an  ordi- 
nary gas-flame  is  generally  estimated  to  eonaume  from  1  to  li  cubic  feet  per 

458.  Gaa   Meters . — Gsa  is  measured  by  moans  of  a  self-acting  mstra- 
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ment  called  a  mctor.  Its  principla  of  construction  and  working  may  be  illus- 
trated as  follows:  When  a,  number  of  vessels,  of  knowu  capacity,  are  so 
arranged  that  (without  loss  of  gas  in  the  interval)  one  after  the  other  ahaU  ba 
filled  by  gas  in  passing — and  lor  this  purpose,  aro  inverted  in  water,  iiilo 
which  tho  gaa  enters,  as  in  tlie  case  of  an  OLxUnaiy  gasometer — it  follows,  that 
juat  as  many  cubic  feet  will  have  passed  as  there  are  vessels  that  have  beea 
filled.  If  all  these  vessels  are  attadied  to  a  common  axis  and  revolve  with 
a  and  rises,  ttie  axis  will  be  turned  once  round, 
tlieroby  indicating  the  passage  of  4  cubic  feet 
of  gaa.  Now,  in  the  ordinary  gas-mel«r  (aco 
Fig.  159),  instead  of  four  separate  vessels,  there 
a  outt*,  cylindrical  case,  A.  A,  more  than 
half  tilled  with  water,  aod  a  cylindrical  drum, 
Ij  divided  into  tour  compartments,  B  D  B  B,  ro- 
i  vohii^  in  it  The  gaa  enters  into  tho  revolv- 
inner  dmm,  by  a  pipe  at  its  center,  and 
'  disdiargta  its  gaa  into  tho  compartment  which 
h  njpeu  to  be  over  it,  causing  the  compart- 
t  to  riso,  and  tiio  drum  to  perform  a  portion 
reioliition.  When  tlie  compartment  bj- 
si  entirely  filled,  its  edge,  D,  is  lifted  so  far 
out  of  the  water  Uiat  the  gaa  contained  in  it  escapes  (passing  in  the  directjon 
of  tlie  arrows)  into  the  space  between  the  two  drama,  and  is  conveyed  away 
by  a  tube  not  shown  in  the  figare.  The  revolving  drum  is  connected  wiili 
dock- work,  which  shows  by  an  index  the  number  of  revolutions  made,  and 
the  cipacity  of  tho  compartments  being  known,  the  quantity  of  tho  gas  pass- 
ing through  is  accurately  determined.  Tho  meter  deaoribed  is  known  as  the 
"  wet  meter,"  and  is  tlio  one  in  most  general  use.  Other  arrangements  em- 
ployed Ibr  measuring  gas,  dispense  with  the  water,  and  are  termed  "dry 

459.  Illuminating  gas  of  all  liinds,  when  mixed  with  air  in  certain  propor- 
tions, forms  explosive  mixtures ;  care,  therefore,  should  bo  taken,  not  to  enter 
-an  apartment  pervaded  with  a  strong  odor  of  gas,  with  a  light,  until  a  thor- 
ough ventilation  has  been  effected. 
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4G0.  History  • — Tlie  fact  that  b.  combustible,  illuminating  gas,  is  pro- 
duced during  tho  docomposition  of  coal  by  lieat,  waa  first  noticed  in  1664,  but 
it  ia  only  witliin  the  present  century  that  any  geoeral,  practical  application  of 
ttiia  kuowle<Ige  has  lioen  made.  Gas  waa  hrst  employed  for  street  illumiaa- 
tiOQ  ia  London  in  181S,  and  in  Pitria  in  1315.  The  majority  of  householders 
iti  London  were  opposed  to  its  introductlou  into  tbe  streets  of  that  city,  and 
for  many  years  the  advocates  of  the  uso  of  gas  for  general  illummalJon,  en- 
countered a  great  amount  of  opposition  and  ridicule.* 

4GI.  Gas  is  manu&ctured  from  oil,  resins,  grease,  etc,  by  causing  them  to 
trickle  into  ft  retort  containing  fn^monts  of  coke,  or  brinks  heated  txi  rednops. 
Decompoaition  of  tlio  oily  substances  im mediately  takes  place,  and  tho  gaa 
evolved  needs  only  to  be  cooled  to  adapt  il  to  immediate  uae. 


CIIAPTEE  VII. 


462.  History. — Fire,  in  the  opinion  of  the  ancients,  was 
one  of  the  four  eluments  of  nature — earth,  air,  and  water 
being  the  other  three. 

This  doctrinawaa  generally  received  until  lie  middle  of  the  17th  century 
(1G50),  when  a  new  theory,  accounting  for  the  various  phenomena  of  combus- 
tion, was  propoaed  by  Bccoher,  an  eminont  German  phyacian  and  chemist, — 
which  was  afterward,  toward  the  latter  part  of  the  same  century,  still  further 
elaborated  and  explained  by  Stahl,  also  a  German  physidvi,  and  one  of  the 
most  eminent  Ecientilio  men  of  his  age.  This  theory,  which  remcuned  undis- 
puted until  after  the  discovery  of  oxygen  in  1174,  waa  known  aa  the  "  Fhla- 
gislic  Theory." 

It  started  with  the  assumption  that  Ihoro  existed  m  nature  a  distinct 
substance,  or  i^ncy,  constituting  the  principle  of  fire,  called  Phlogiston 
(fVom  the  Greek  6ij>y:io,  to  bura).  Phlogiston,  although  never  isolated,  w.is 
believed  to  exist  in  all  combustible  bodies,  and  U>  constjtato  a  part  of  their 

•  At  tha  prc*mt  Utno  il  Is  Ktimitud  that  6,000,000  tons  of  coal  are  annually  employed 
In  ita  production.    In  London  alone,  BOO.O'IO  toni  of  coal  ore  annuaUy  used,  proaueirB 


r  incceeded !    Explain  the  general  principles  of  the  phli^lstlc  tl 
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BtiMCtnre,  and  iia  presence  in  saoh  bodies  was  supposed  to  endow  thorn  with 
the  property  of  burning.  When  a  body  burned,  phlogiaton  waa  liberated,  and 
the  light  and  heat  whicli  aceompany  combustion  were  attributed  to  the  rapid- 
ity which  which  the  phlogiston  passed  out.  When  a  body  was  wanting  in 
phlogiston,  or  had  onco  lost  it,  it  ceased  to  bo  combustible,  and  waa  said  to  bo 
dephlogistioated. 

For  example,  according  to  this  theory,  a  lighted  candle  bnma  because  it  ia 
a  compound  of  candle-matter  and  phlc^sloo,  which  compound,  in  the  action 
of  burning,  is  decomposed,  and  tlio  phli^iston,  set  li'ee,  appears,  in  escaping, 
in  its  natural  character,  as  flame.  The  pure,  dophlt^sticated  caudle-mattci 
is  also  Uberated,  little  by  little,  as  the  candle  burns  away,  and  when  collected, 
proves  lobe  water  and  carbonic  add;  so  tliat,  according  to  the  plilo^slio 
theory,  tallow  should  bo  regarded  as  a  compound  of  fire,  with  water  and  car- 
bonic acid.  Furthennore,  "  a.  sticic  of  brimstone  hums  away  with  a  blue 
flame  and  a  sulTocating  vapor,  and  the  residue  of  its  combustion  is  sulphurous 
acid.  In  the  langua(|^  of  the  phli^istians,  brimstone  is  a  compound  of  two 
things,  sulphurous  acid  and  phl<^lston ;  and  when  it  is  sutE^red  to  hum,  it 
gires  out  its  phlogiston,  or  Hamo  of  fire,  and  there  remains  its  dephl<%isti- 
cated  sulphar,  or  sulphurous  acid,  in  the  separated  state.  Phosphorus,  ac- 
cording lo  the  same  hypothesis,  contains  a  white,  deliquescent  add  (g  405) 
and  phlogiston — the  two  so  loosely  united  as  to  be  kindled  or  decomposed  by 
a  little  friction,  or  by  a  slight  elevation  of  temptraturo ;  when  burned,  it  sheds 
its  phlogiston,  and  the  phosphoric  acid  is  reproduced," 

It  had  been  long  before  observed,  that  the  metals,  with  the  exception  of 
geld  and  silver,  were  changed  into  rusts,  or  "calxes,"  resemblhig  chalk,  brick 
dust,  or  other  iiighly  colored  earthy  bodies,*  when  heated  to  a  h^h  teiapcra- 
ture  in  the  air.  We  now  know  these  calxes  to  be  simply  oxyda ;  but  the 
pbli^stiana,  recognizing  the  only  identity  of  this  alteration  of  tlie  metals  with 
what  ia  undergone  by  sulphur,  phosphorus,  or  any  common  combustible  when 
it  is  burnt  in  the  aiv,  exphunod  t!ie  change  as  fbllows :  they  said  that  each 
mcta!  was  composed  of  its  own  rust,  or  ealx,  and  phlogiston,  and  that  when 
it  was  burned  m  the  fire,  it  gave  out  its  fiery  principle,  while  its  ashes  or 
rust  remained."  Thus,  iron  was  composed  of  iron-rust  and  iiro ;  dephlogisti- 
cate  it,  that  is,  burn  it  to  a  cinder,  and  you  have  rust. 

"  Such  bodies  as  wood,  coal,  and  especially  charcoal,  which  give  out  mach 
heat,  and  leave  apparently  httio  depldogisticated  matter  when  burnt^  were 
regarded  as  aultstances  overchai^d  with  ph1<^ston,  and  therefore  capable  of 
imparting  it  largely  to  others.  Now,  it  always  was,  and  sHll  is,  desirable  to 
translorm  ore^,  such  as  iron  rust  in  the  various  iron-stones,  into  metals,  such 
as  iron ;  and  it  has  long  been  understood  that  the  beet  way  of  doii^  so,  con- 
sists m  mingling  those  ores  with  carbon  in  some  Ibrm  or  other,  and  heating 
tbeni  in  a  fiimaee ;  a  thing  but  too  easily  explained  hy  the  phlo^stie  theory, 
for  the  carbon  liad  only  to  pour  its  phit^Lston  into  the  ores  to  convert  tlicra 
into  metallic  natures,  suhd  and  hrigiit.     In  tlie  substance  of  silver  and  gold, 

•  Inai-rnBt  (oiyd  cf  Iron),  oiyd  of  land,  ata. 
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however,  tlio  phlo^ton  (fire)  was  aa  compaclcd  and  inlierenti  that  nothing 
could  take  it  out  of  them ;  and  haiica  they  rumaiDed  fixed  in  tha  furnace 
nnder  all  ordinary  eircumstances." 

The  plili^iston,  onco  liberated  from  a  metal  or  combustible,  could  not,  like, 
the  dephtogisticated  matter — the  [^osphoric,  or  sulphurous  acid,  or  the  iron- 
rust — be  caught  and  measured.  In  the  opinion  of  the  aacieuts,  it  ascended  at 
once  into  a  boundlosa  apace  of  pure  fire,  called  the  "  empyrean,"  which  was 
supp(»ed  to  incloae  the  air  as  the  air  inclosed  the  earth ;  but  according  to  the 
phlogistioQS,  It  was  no  sooner  liberated  Iram  a  combuetible,  than  it  passed 
into  combtnaUon  with  tlie  eurrounding  atmosphere.  It  could  not,  in  tlieir 
opinion,  bi  emancipated  from  Its  union  with  one  body,  unless  another  was 
toady  to  take  it  witliont  delay,  and  the  appearance  called  Are,  was  the  almost 
instantaneous  glance  of  phlogiston  in  ila  passage  from  one  engagement  to  an- 
other. Hence  the  necessity  of  the  presence  of  air  to  the  conlinu  mco  of  com- 
bustion ]  and  hence  Prieatlej',  when  he  diseoTered  oxygen,  supposed  it  to  be 
common  air  deprived  of  pblo^stoD ;  since  it  diii  not  bum  of  itself  but  power- 
frilly  supported  combustion,  by  reason  of  its  supposed  attr^ion  Ibr  the  phlo- 
giston contained  in  combustibles.    He  therefore  called  it  deplilogisticated  air. 

Although  tlie  phl(^stic  theory  ingeniously  explained  a  great  varied  of 
phenomena,  there  were  certain  circumstances  connected  with  combustion 
which  could  not  well  be  accounted  for.  Thus  it  was  observed  that  certain 
metals  were  heavier  after  healing  than  tieforo :  ten  grains  or  ounces  of  lead 
weigll  more  than  ten  after  liaving  been  burnt  to  calx ;  and  ten  ounces  of 
iron  increase  iu  weight  by  conversion  into  rust ; — in  other  words,  the  metals 
lead  and  iron,  supposed  to  be  compound  bodies,  gave  off  by  heating,  one  of 
theh-  ingredients,  phlogiston,  and  were  tliereby  converted  into  elements ;  and 
yet  the  product — the  calx — was  heavier  than  the  oripnal  metal ;  whereas,  if 
phlogiston  was  really  a  nutteiial  substance,  and  had  escaped  frvm  the  lead  or 
tlie  iron,  the  products,  after  heating,  oi^ht  to  have  weighed  less.  Tills  diffi- 
culty was  exphuned  by  assuming  that  phli^ston,  alone  of  all  substances,  was 
endowed  with  the  specilic  properly  of  lightness,  or  levity,  so  that  it  buoyed 
up,  or  xnado  ligliter,  every  body  with  which  it  combined.  "This  singular 
evasion  of  the  question  of  weight  only  introduced  another  perplexity ;  but  the 
good  old  chemiata  were  equal  to  the  emei^iuy.  If  the  cabt  or  rust  of  lead, 
or  of  any  other  metal,  became  lighter,  in  common  balance-weight,  by  eombm- 
ing  witli  phlogiston — that  agent  of  poative  levity — how  was  it  that  it  also  be- 
came tpecifiadly  heavier?  The  calx  was  comparatively  a  light  stone;  but 
the  lead  into  which  it  was  converted  by  union  with  light  plilo^stou,  was  a 
comparatively  heavy  metal ;  a  cubic  inch  of  the  metal  being  twice  as  heavy 
as  a  cubic  inch  of  the  stone.  If  the  partielcB  of  an  ounce  of  cal.v  had  buo3-s 
of  Bre  attached  to  them,  bo  as  at  once  to  cliange  them  into  particles  of  lead, 
and  to  make  them  lighter  in  tlio  aggregate,  how  should  such  en1ai^:ed  and 
lightened  particles  produce  a  mclal  of  ao  much  greater  a  speciflc  gravity  tlian 
the  unphl(^iaticated  rust  ?"  To  this  it  was  replied,  "  that  the  phlogisticaled 
particles  of  calx  were  not  enlai^d,  but  only  llghtoned ;  the  fiery  particles 
were  not  stuck  on  to  the  calx  ones  hko  ao  many  vesicles ;  but  they  pens- 
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trated  them,  ftnil  then  comprBssed  them,  bo  that  a  greater  number  of  iLe  flro- 
pierced  eartliy  particles  (thereby  rendered  metallic)  packed  into  the  eanio 
spacQ,  sDd  tberiifure  the  metal  ivaa  speciGc^ly  heavier,  though  absolutely 
lighler,  th™  the  oalx  from  which  it  was  made."* — Brewster. 

463.  Saeh  is  a  brief  outline  of  tho  colobrated  phlogistic  theoiy  which  dar- 
ing the  greater  part  of  the  last  century  recrived  the  sanction  and  support  of 
all  tlie  chemists  and  scientiflo  men  of  Europe.  The  honor  of  its  overthrow 
and  tho  eBtablishment  of  correct  views,  belongs  to  Lavoisier,  whose  decisive 
experiments  were  instituted  about  the  ycM'  1180. 

lie  took  a  glass  flask,  added  to  it  a  certain  known  weight  of  metallic  mer- 
cury, filled  the  flask  with  oxygen  gas  {whieh  had  been  discovered  some  years 
proi'iously),  and  hermeljcally  sealed  it.  The  weight  of  the  whole  vfas  then 
carefully  ascertained.  The  mercury  contained  in  the  fiaak  waa  then  heated 
to  about  600"  P.,  at  which  temperature  it  entered  into  combination  with  the 
gas,  and  [brmed  a  calx,  or  oxyd  of  mercury.  Lavoisier  tiien  weighed  the 
flask  and  contents,  and  Ibund  that  it  had  gained  notliing  and  lost  nothing; 
the  phl<^slon,  tberefote,  if  it  had  been  driven  out  from  the  metallic  mercury, 
still  remained  in  or  incorporated  with  Che  fln^  and  its  contents. 
'  The  flask  being  next  carefully  opened,  the  air  from  without  was  heard  to 
rush  into  it,  indicating  the  existence  of  a  vacuum  in  its  interior.  The  mer- 
cury, therefore,  had  not  by  heating  Imparted  any  thing  to  tho  gas  of  the  flask, 
but  had  really  abstracted  something  flum  it,  and  when  taken  out  and  weighed 
separately,  was  Ibund  to  have  increased  in  weight  That  this  increase  in 
weight  was  due  to  the  abstraction  of  oxygen,  and  to  its  incorporation  with 
the  substance  of  the  mercury,  he  further  proved,  by  decomposing  the  calx; 
(or  oiyd)  of  mercury  (formed  in  the  first  experiment)  into  oxygen  gas  and 
metallic  mercur}-,  by  heating  it  in  a  suiCahlo  apparatus  to  a  temperature  of 
about  900°  i\  The  two  products  being  carefully  collected,  their  joint  weight 
was  found  to  bo  the  same  as  that  of  the  calx  of  mercury  employed.     These 
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experiments,  tbereibre,  proved  unmlatakabij'  tliat  the  uali,  or  red  iiist  of 
Tuercury,  wM  a  compound  of  oxygett  and  mercury,  and  not  an  element,  ua 
Lad  long  been  supposed  ;  and  UiM  metallic  mercury  was  not  a  compound  of 
ita  own  calx  and  the  potiitively  light  plilogiaton,  but  the  real  element 

Lavoisier  alao  burned  phoiphorus  in  a  jar  of  oxygen,  and  observed  tbat 
touch  of  tho  gas  disappeared,  and  Uiat  the  pliosphorus  gained  in  weight ;  and 
tliat  the  increase  of  the  one  waa  io  the  extant  ratio  of  the  decrease  of  the 
other.  Iron  wire,  bIso,  burned  in  osygen,  gave  a  result  equal  to  the  weight 
•f  Ihe  wire  employed,  plus  the  weight  of  the  oxygen  t)iat  had  disappeared, 

Obaorviog  also  tiiat  the  results  of  combustion  m  atmospheric  air  were  the 
Blme  in  degree  as  those  in  pure  oxygen,  lie  next  investigated  tho  nature  of 
air,  and  found  that  it  consisted  in  part,  of  oxygen  which  supported  and  occa- 
woned  eorobustiou,  and  of  anotlier  gas  which  possessed  properties  entirely  op- 
posite, and  ivhich  we  now  knoiv  lo  be  nitrogen. 

the  results  of  the  experiments  of  Lavoisier,  therefore,  demonstrated  that 
there  was  no  such  substance  as  phlogiston,  or  tlie  matter  of  fire ;  and  tliat 
when  a  body,  compound  or  elementary,  was  burned,  it  did  not  give  off  imag- 
inary buoyant  phlog'slon,  but  look  in  real  weighty  oxygen. 

Lavoisier  commenced  his  investigations  in  1773,  and  fully  announeed  theih 
in  1784.  For  eleven  years  he  encountered  the  opposition  of  the  whole  seien- 
tiflc  world,  with  but  a  »ngle  supporter — Laplace,  the  astronomer.  Gradu- 
ally, however,  tho  new  doctrines  gained  ground,  and  before  the  oloso  of  tlie 
IStli  centuTj  were  generally  received.* 

From  this  point  discovery  rapidly  succeeded  discovery,  until  it  became  at 
l*at  understood  that  oxygen  was  not  only  the  great  agent  in  combustion,  hut 
tliat  the  respiration  of  all  animals,  the  processes  of  vegetation,  and  the  (growth, 
sustenance,  and  decay  of  all  organic  beings  were  dependent  upon  it  as  a  con- 
stituent of  the  atmosphere.  The  true  idea  of  a  chemical  element  was  then 
first  turived  al, — afflnity  or  ehomical  attraction  was  recognized  as  an  inde- 
pendent force,  and  the  nomenclature  of  chemistry  at  present  in  use  waa  es- 
tablished. In  sliort,  tlie  whole  sdence  of  modem  chemistry  may  be  stud  to 
date  ila  orig^  &om  the  cpocli  of  tl>o  laix>rs  and  investigatJons  of  Lavoisier.f 
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464.  Ci)inbus.tioii|iQ  the  strict  chemical  acceptation  of 
tlje  term,  is  a  chemical  process  in  which  at  least  two  ele- 
ments enter  iilto  combination,  producing  heat  and  a  new 
compound. 

Co  inbustton,  in  the  ordinary  sense,  is  the  rapid  chemical 
union  of  oxygen  with  a  combustible  body,  attended  with 
an  evoluLion  of  light  and  heat. 

Ererj  apeciea  of  combustion  with  wliich  we  are  liuniliarif  aci^uaLiiti^d  is 
simply  a  prooesa  of  oxydation  ;  but  combustion  may  occur  without  tlie  pres- 
ence of  oxygen,  or  in  oxygen  witliont  tlia  sensible  evolution  of  eitlier  lieat  or 
light  For  example,  when  antimony  in  powder  ur  copper  in  tlie  form  of  thin 
leaf  ia  presented  to  chlorine,  a  combination  is  instantly  efieeted  between  tlieao 
bodies — a.  eiiloride  of  copper  or  antimony  1>eing  produced,  with  an  evoiution 
of  vivid  %lit  and  lieat;  anil  on  the  other  hand,  the  decay  of  wood,  or  tlie  mst 
of  met^s  in  air — changes  effected  by  union  of  these  substances  with  oxygen 
— are  true  examples  of  combustion — beat  and  a  new  compound  being  pro- 
duced without  the  evolnljon  of  light. 

465.  All  bodies  may,  with  reference  to  Combustion,  be  arranged  under  ono 
of  tbrce  classes,  yiz ,  supporters  of  combustion,  combustibles,  and  burnt  bodies. 

Supporters  of  Combust  ion  are  thosebodies  wliich,  likeoxygen, 
allow  other  sulistancos  to  bum  in  Oiem  freely,  but  whicii  can  not  themselves, 
in  ordinary  language,  be  set  on  fire.  It  ia  usual  to  reckon  Ave  supporters 
of  combustion,  viz.,  oxygen,  chlorine,  iodine,  bromine  and  fluorine. 

Combustibles  are  bodies  which,  like  charcoal,  actually  bum  when 
sufficiently  heated  in  the  presence  of  a  free  supporter  of  combustion. 

Burut  bodies  are  those  which  will  neither  bum  themselves  nor  sup- 
port the  combuation  of  others.  They  may  be  made  red  hot,  but  do  not  bum  ; 
sand,  iron-raal,  and  earthy  bodies  are  examples  of  this  kind.  They  are  for 
the  most  part  compounds  tliat  have  at  some  time  or  other  been  produced 
by  combustion  o  ui  oth  wo  ds,  they  are  bodies  which  have  been  already 
burned,  and  are  no  louge   h  led  to  und  i^  this  change.     Chemists  further 

evcnti,  il  migb   lis      bwD    ipe  M  tb       h    latter  yesTa  of  hla  life  woulr)  bava  been 

new  "juleiB      «  It    w  edged        hs.  h  h  never,  was  ngt  his  fate,    lie  wo*  arrcstcil 

in  hia  capsc  y  p  bb  ffi  a  b  zed  be  idulteralion  of  the  tobacco  of  tbe  Ite- 
pnblic.  Wben  brought  before  the  revolutlonarj'  Iribunal,  lio  asted  for  a  reaplte  of  a 
few  days,  iu  order  to  complBla  Boiiia  reaearchea,  tbe  results  of  wlilcb.  be  eald.  sere  Im. 
pottant  for  the  iDtereslB  of  Lumanltj'.  Tlie  reply  of  tbs  judge  naa,  that  tbe  Jiapiibilo 
nnled  no  Rdentlflc  men,  and  forthwith  condemned  blni  to  Uie  guUlotine,  to  vhich  he 
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diatinguisli  aDdelassily  burnt  bodies  under  the  names  of  acids,  alkalies,  oxjds, 
ealta,  etc. — Miller. 

jGii.  Combustion  and  Explosion . — Explosion  iu  moat,  and 
perhaps  all  eases,  is  a  species  of  combustion,  dilBjriug  from  ordicary  oombos- 
tion  amplj  in  Uie  rapidity  of  action ;  tlius  in  oombuation,  the  wimbustiblo 
and  tlio  supporter  of  combustion  are  brought  together  by  degrees,  as  in  Iho 
flame'  of  a  candle ;  but  in  an  explosion  the  whole  action  occurs  at  once, 

4S7.  The  origin  of  the  heat  which  accompanies  combnstioa  lias  not  been 
satisfactorily  jiccounted  for.  Every  change  in  the  state  of  a  body  we  knoiv 
is  accompanied  by  a  change  in  temperature;  but  why  the  union  of  carboii 
with  oxygon  to  fbrm  a  gas,  or  osygen  with  hydrogen  to  form  a  vapor,  should 
produce  a  heat  sufficient  to  melt  the  most  refractory  aubslancoa,  still  remains 
unexpiained. 

468.  In  all  ordinary  cases  of  combustion,  the  heat 
evolved  does  not  depend  upon  the  combustible,  but  upon 
the  amount  of  oxygen  that  enters  into  combination  ;  or 
in  other  words,  that  combustible  will  evolve  the  greatest 
quantity  of  beat  wh'.ch  is  capable,  with  a  given  weight, 
of  combining  with  the  most  oxygen. 

For  example,  a  pound  of  hydrogen  in  bumLi^  consumes  or  unites  with  8 
poundsof  iiy^in;  while  a  pound  of  carbon  unites  with  but  2  2-3  pounds 
of  oxjgen.  A  given  weight  of  hydn^en  in  burning  will  produce,  tliercibre, 
three  times  a.^  mnch  heat  as  the  same  weight  of  carbon. 

469,  The  quantity  of  beat  which  a  ciimbustible  body 
evolves  in  combining  with  oxygon,  is  the  same,  whether 
the  combustion  takes  place  slowly  or  quickly,  provided 
only  that  the  relative  quantities  of  the  combining  bodies 
are  the  same  in  both  instances. 

Thus,  as  much  heat  is  given  out  iu  the  decay  [slow  combustion)  of  a  given 
quantity  of  wood  in  the  air,  as  in  its  quick  combustion  in  a  furnace ;  but  in 
the  former  case,  Che  heat  is  mui^  less  intense,  and  often  i>ecome9  insensible, 
because,  during  the  long  time  occupied  in  tlie  combination  with  oxygen,  the 
greater  part  of  it  is  carried  away  by  conduction. 

The  temperature  required  to  induce  combustion,  or  the  combination  of  any 
substance  with  oxygen,  is  diflerent  not  only  tor  different  substanei'K,  but  eTcn 
for  the  same  substance,  according  as  the  combustion  is  to  take  place  rapidly 
or  slowly.  Thus  phosphorus  combines  slowly,  with  oxygen,  or  exhihiia  slov/ 
corabusUon,  at  7 7°  f.,  but  does  not  enter  into  rapid  combustion  till  raised  to 
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UO"  P,  Tallow  tlirown  upon  an  iron-plate  not  visibly  rcd-liot,  melts  and 
Fi8.  IGO.  undergoes  oxyilation,  diffusing  a  palp,  lainbcnt  flame,  only  visible 
a  tlio  dark.  Whan  a  coil  of  tliin  platinum  wiro  is  first  boated 
0  redness,  and  suspended  in  a,  glass  containing  a  lew  drops  of 
etlier  or  alcohol  (see  Fig.  ISO),  tiio  vapors  of  these  substances, 
mixed  with  air,  oxydate  upon  the  hot  metallic  surrace,  and  sus- 
tain tlie  wire  at  a  red  heat,  bo  long  as  the  supply  of  mixed  vapor 
and  air  is  kept  up,  without  the  o(«urrence  of  comliuation  with 
flame.  The  product  of  the  oiydation  thus  eifeoted,  is  a  pungent, 
irrltadng  vapor,  which  affects  tiie  nose  and  eyes  unpleasantly. 
This  experiment  may  bo  modified  by  suspending  a  coil  of  thiu 
platinum  wire,  or  a  ball  of  spongy  jiatinuin,  over  the  wick  of  Fio.  IGl. 
u  spirit-lamp,  supplied  witli  alcoholic  ether,  (see  Fig,  IGl);  on 
i^liljng  the  lamp,  and  then  blowing  it  out  aa  soon  as 
metal  appears  red-bot,  slow  combustion  of  the  spirit  vapor 
sappUed  by  tlie  capillary  action  of  tlie  wick,  will  take  place, 
and  the  pla^mun  will  continue  to  glow  for  hours. 

470.  In  combustion,  no  loss  whatever  of  ( 
ponderable  matter  occurs — ^nothing  is  annihil- 
ated ;  but  the  products  of  combustion,  when 
coUeuted  and  weighed,  always  exceed  the  weight  of  tlie 
original  substance  burned,  by  an  amount  equal  to  the 
weight  of  the  oxygen  absorbed  during  combustion. 

The  most  simple  illustrations  of  tills  fact  are  obtained  in  Iho  combustion  of 
those  bodies  wliioh  affoitl  a  solid  residua  Thus,  when  two  grains  fiC  phos- 
phorus aro  burned  in  a  measured  volume  of  oxygen  gas,  tbey  are  found  con- 
verted, after  combuotion,  into  a  white  powder  (phosphoric  acid),  which  weighs 
ii  grains,  or  the  phosphorus  acquires  2J  grains ;  at  the  same  time,  7^  cubic 
inches  of  orygen  disappear,  wliich  weigh  exactly  2^  grains. — 6e.\ham. 

411.  The  constituents  of  all  ordinary  combustible  substances — wood,  coal, 
oils,  &ts,  etc — which  ^ve  to  them  their  value  as  fuel,  ate  carbon  and  hydro- 
gen. These  substances  also  contain  some  oxygen ;  but  this  element  contrib- 
utes nothing  whatever  to  their  value  as  fuel,  and  the  larger  the  proportion  of 
oxygen  in  a  combustible,  the  less  adapted  is  it  for  fuel 

472.  Products  of  Combugtion.  — When  combustion  takes  place 
■ndth  a  free  supply  of  air,  oxygen  unites  with  the  carbon  of  the  fuel  to  form 
carbonic  acid,  and  with  the  hydrogen  to  form  vapor  of  water.  These  producla 
being  vola^le,  rise  in  the  atmc^phere,  anddi^ppear,  ibnnmg  part  of  the  aerial 
column  that  ascends  from  a  burniog  body. 

473.  The  activity  of  combustion  is  greaUy  increased  by  increasing  the  num- 
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ber  of  particles  of  osyROn  which  are  brought  in  a  given  time  in  eontnet  with 
Uie  combuBtitilo,  and  by  carrying  away  tlie  gaseous  producla  of  combustion, 
which  are  no  longer  capable  either  of  burning  or  supporling  combustion,  and 
which,  if  allowed  to  accumulat*,  would  out  olT  the  supply  of  fresh  oxygen. 
Hence  the  benefit  of  blowing  a  fite,  or  forcing  a  stream  of  fresh  air  upon  it, 
from  a  bellowa,  ia  order  to  revive  it,  or  increase  its  intensity.  The  influence 
of  a  long  chimney,  in  producing  a  poweriul  beat  in  a  furnace  at  its  base,  by 
inereosing  the  draft,  isarailar;  while  the  effects  of  diininiahing  the  anpplyof 
air,  by  dosilig  tlie  damper,  or  slmtting  the  door  of  the  asK-pit,  is  seen  in  the 
diminished  temperature,  and  reduced  consumption  of  fuel  which  occurs  under 
E  :ch  drcuniEtances. — Miller. 

474.  The  weiglit  of  the  air  required  for  the  combustion  of  foe]  for  esoeeds 
that  of  OiB  fuel  itself;  and  as  the  space  occupied  by  a  given  we%lit  of  air  is 
much  greater  tiian  tiiat  of  an  equal  weiglit  of  fuel,  tbe  built  of  the  air  em- 
ployed to  eifect  combusljon  is  knmensc  For  example,  it  requires  H-45 
pounds  of  air  to  consume  1  pound  of  paro  charcoal ;  and  as  1  pound  of 
air  occupies  about  13  cubic  (cct  of  space,  the  pound  of  charcoal  will  require 
Eir  Us  combustion  at  least  150  cubic  Ibet  of  idr.  As  ftiel  is  burned,  however, 
a  much  larger  quantitj'  is  employed ;  thus,  anthracite  coal  requires  theoreti- 
citUy  13G  cubic  feet  per  pound,  but  in  practice,  under  sleam  boilers,  270  cubic 
ibct  are  necessary. 

The  amount  of  heat  wliich  a  pound  of  pure  charcoal  is  capable  of  producing, 
through  its  union  with  oxygen  in  the  process  of  combustion,  is  sufficient  to 
convert  13  pounds  of  water  at  G0°  F.  mlo  steam  at-  212°  l\  The  ingenuity 
of  man  can  not  generate  from  the  combustion  of  a  pound  of  coal  a  greater 
amount  of  boat  tiiln  this,  or  when  generated,  compel  it  to  evaporate  a  greater 
quantity  of  water. 

Tlie  quantity  of  heat  which  is  obtained  fix)m  fiiel  m  practical  operations, 
Ihlls  veiy  fkr  short  of  its  theoretical  value.  In  some  of  tbe  Cornish  steam- 
en^nes,  of  England,  which  are  the  best  in  the  world,  it  is  slated  that  tlie  ut- 
most theoretical  quantity  has  been  rendered  avuilablo;  but  tliis  statement  i^ 
doobtflll.  Under  ordinary  steam-boilers  not  more  than  two  thirds  of  the 
av;ulab1e  beat  is  ever  utilized,  and  in  a  majority  of  cases  the  proportion  docs 
not  probably  exceed  one  half. 

The  reason  of  this  loss  of  heat  in  practice,  is  due  mainly  lo  two  causes,  viz., 
the  healed  ^r  escapes  up  the  chimney  betbre  it  has  surrendered  to  the  boiler 
or  heating  apparatus,  tlie  full  amount  of  heat  it  is  capable  of  relinquishing ; 
and,  secondly,  through  want  of  a  perfect  combustion,  the  taU  amount  of  heat 
is  not  evolved  ft'om  the  fuel  The  remedy  for  tlie  first  difficulty  is  to  be 
Bought  for  in  improved  mechanical  arrangemeuta  of  boiler  and  furnace  ;  tho 
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remedy  for  tho  second  pertains  lo  chemistry,  and  ia  to  be  found  in  perfeclin™ 
the  supply  of  air.  When  the  supply  of  air  is  insufScient,  oartionio  oxyd  be- 
comes !□  grea.t  part  the  resulting  product  of  conibustioa,  instead  of  corlioiiic 
acid ;  but  for  the  formation  of  the  flrst-named  gas,  only  one  half  tbe  quantity 
of  oxj^n  is  required  as  for  the  production  of  carbonic  acid,  so  that  coal  may 
be  dissipated  in  vapor,  and  may  be  apparently  wholly  consumed  by  one  half 
the  amount  of  air  that  is  usually  required  in  an  open  fire,  under  circumstances 
wbere  the  full  amount  of  heat  is  given  out  In  bucIi  cases  a  pound  of  char- 
iK>a1,  instead  of  emitting  beat  enouijh  to  convert  13  lbs.  o(  walor  into  Etean', 
will  only  give  out  one  Bftli  of  the  heat,  and  jvill  tlierefbre  convert  but  littlo 
more  than  2^  lbs.  of  water  into  st«ani.*  That  so  great  an  amount  of  loss  as 
til's  is  ever  practically  experienced,  ia  not  probable ;  but  in  all  furnaces  of 
ordinary  construction,  the  wastji  of  fuel  from  this  source  is  very  great.  Owing 
to  the  fact  that  carbonic  oityd  is  a  colorless  gas,  and  as  tlie  operations  of  tlie 
furnace  appear  l«  go  on  uninterruptedly,  tbe  loss  of  heat  occasioned  in  this 
manner  is  very  apt  b>  remain  unsnspectod. 

By  admitting,  in  a  proper  manner,  an  n^jcqualo  supply  of  air,  all  the  car- 
bon in  burning  is  converted  into  carbonic  acid,  and  the  maximum  of  beat 
capable  of  being  evolved  from  the  combustion  ia  generated. 

475.  Light  of  Corabnstion.^Thc  light  emitteil  by  burn- 
ing bodies  19  a  direct  consequence  (if  the  heat  evolved  in  the 
process  of  combustion.  All  solids  and  licjuids  (as  melted 
loetala),  when  elevated  to  a  sufficiently  high  temperature, 
(977°  F.},  become  luminous. 

The  color  of  t!ie  light  emitted  from  an  ignited  substance,  depends  upon  the 
iJegroo  of  temperature  to  which  it  lias  been  elevated.  As  the  tomperaturo 
rises,  tbe  colored  raj-s  appear  in  the  order  of  their  refrangibility ;  first  red, 
then  orange,  yellow,  green,  blue,  indigo,  and  violet  are  emitted  in  succession. 
At  about  2 100°  F.,  all  these  colors  are  produced,  and  from  their  admixturo, 
white  r^ht  results,  and  the  ignited  body  is  tticn  said  to  bo  "  white-hot" 

In  all  luminous  flames,  the  light  ia  emitted  from  solid 
particles  highly  ignited. 

A  flame  containing  no  such  particles  emits  bat  a  feeble  lightj  even  if  its 
temperature  is  tho  highest  possible.  For  example,  the  flame  produced  by 
burning  a  mingled  jet  of  oxygen  and  hydrogen,  although  one  of  the  most  in- 

•  The  greal  loss  of  Ileal  involved  in  the  production  of  Birbiinlc  oiyd.  Is  due  not  merrfy 
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tsnae  sources  of  heat  at  our  command,  ia  bo  littlo  luminous  as  to  bo  barely 
visible  in  dear  day-l^hl ;  i^  howevtr.  we  introduce  into  it  a  solid  body,  liko 
lims,  the  Jight  becomea  so  augmented  that  tlio  eye  can  scarcely  support  it. 
'Wlien  phusplioruB  ia  burned  in  oxygen,  tlio  i^ht  is  most  dazzling,  but  when 
burned  in  ehlorioe,  it  is  extremely  feeble  i  the  reason  for  tlie  diffferenoo  in 
tlioae  two  casea  is,  that  in  Ibe  first  iDstaoco  the  product  of  combustion  is 
solid,  iion-volatilo  phosphoric  acid,  the  parljoles  of  which,  becoming  higlily 
healed  by  tlic  combustion,  are  higiily  luminous ;  in  the  second  case,  the  pro- 
duet  of  eombualion  is  a  gaa,  and  the  heat  wliich  its  particles  acciuire  in  com- 
bustion not  being  sufficient  to  render  them  luminous,  littlo  or  no  light  is 

476.  Materials  for  Illumination.— The  matcriala  or- 
dinarily employed  for  effectiug  artificial  illumination,  am 
Bolid  or  liquid  compounds  of  carbon  and  hydrogen— coal, 
oils,  tallow,  etc, — which  are  generically  termed  hydrocar- 
bons. 

By  heat  we  decompose  them  into  gaseous  compounds  of  earbon  and  hydro- 
gen, and  in  tliis  Elate  only  are  they  available  for  purposes  of  iDuminatlon.  In 
the  combustion  of  these  two  elemODts  in  the  flame  of  a  candle,  the  osygcn  of 
Iho  air  combines  with  both,  but  by  reason  of  a  superior  affinity,  it  unites  first 
with  the  liydrcgen  to  form  vapor  of  water,  producing,  thereby,  a  most  intense 
heat,  but  an  almost  imperceptible  hghL  The  hydrogen,  in  combining  with 
oxygon,  abandons  the  carbon,  which,  being:  tims  sot  free  in  the  form  of  mia- 
uW  solid  particles  in  the  midst  of  tlie  heated  space,  becomes  white-hot,  and 
imparts  luminosity  to  the  flame.  The  moment,  however,  the  inoaudesoont, 
floating  carbon  comes  to  the  ei%e  of  the  flame,  it  finds  the  oxygen  of  the  air, 
unites  with  it,  and  becomes  converted  into  mviable  gas — carbonic  acid — 
while  its  place  ia  immediately  occupied  by  another  particle  of  soUd  carbon. 

Between  the  flame  of  a  candle  and  the  llamo  of  gas-hght  thero  ia  no  AiT- 
fercnce ;  in  the  case  of  the  candle,  however,  the  gas  is  generated  and  burned 
at  the  same  time  and  place — the  heat  that  produces  it  serving  also  to  inflame 
it  In  the  case  of  a  gna-ligbt,  on  the  contrary,  the  inflammabhi  gas  is  dis- 
tilled by  heat  from  the  illuminating  substances  in  close  vessels  in  one  phice, 
and  conveyed  by  pipaa  to  be  burned  at  a  place  more  or  leas  distant  where  the 
iUuminaiion  is' required. 

The  tiict  that  the  combustion  of  a  candle  generates  gas  of  the  same  natoro 
as  that  produced  in  ordinary  gaa  manuEicture,  may  be  demonstrated  by  intro> 
dncing  one  end  of  a  small  tubo  of  glass,  p,  Pig.  162,  into  the  interior  of  tho 
flame  of  a  large  candle,  when  a  portion  of  the  hiflammablo  gas  exisOng  there 
may  be  drawn  off  and  ignited  at  the  upper  extremity  of  the  tube. 
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Pio.  163. 


The  existence  of  solid  partides  in  every  illuminating 
flame  may  be  also  demonstrated  by  introilucing  a  cold 
body  ink)  the  llame,  which  ao  interrupts  Uio  progress 
of  combustion  that  the  solid  particles  are  do  longer 
eona  imed,  but  are  deposited  aa  soot  When  we  say 
a  lamp  smokes,  we  mean  that  the  carbOQ  contained 
in  the  llamo  is  passing  off  in  an  uneonsumcd  state. 

i"!  Combustion  of  a  C  ti  ii  d  I  e  — A  candle 
IS  an  ngenious  contriranCQ  for  supplying  flamo  witli 
as  much  melted  lat  as  it  can  eoiisume  witliout  amol^- 
ng  It  is  easy  to  cor.ceive  tliat  Jt  would  by  no  means 
be  an  impossihillty  to  ignite  a  atiek  of  wax  or  tallow 
I  by  tflLlf;  it  would,  however,  be  a  matter  of  difficulty, 
lueh  as  the  material  would  melt  away  long  be- 
Ibre  it  could  inflame  Supposing,  nevertheless,  it  could  bo  ignited,  then  a 
latter  amount  of  combustible  would  be  on  firo  Oian  the  ah'  could  consume, 
and  a  large,  thitt,  smoky  flame  would  result.  By  the  uso  of  a  wick,  this  dif- 
ficulty is  avoided. 

When  the  end  of  the  wick  which  protrudes  from  the  center  of  the  canllo 
is  ignited,  it  riduites  Buffii.ii.nt  beat  downweo'd  to  melt  a  portion  of  the  ma- 
terial of  tba  candle,  and  form  a  hollow  cup  filled  with  liqu'd  combustible 
oTound'the  wick-fibers.  The  spaces  between  the  fillers  of  the  wi  k  act  ay 
like  a  aeries  of  small  tubes,  convey  the  fluid  hX  by  capillary  attratt  on  up  to 
the  flame,  where  it  is  decomposed  into  gaseous  compouaiis  of  I  y  I  oj,  n  inl 
carbon. 

418.  Structure  of  Flame  — The  flame  of  every  Ian p  or  candle 
conaists  of  three  distinct  portions,  or  rather,  cones  concentric  w  th  one  n 
otiier.  The  innermost  cone,  a.  Fig.  163,  is  formed  entirely  of 
combustible  gases,  produced  by  the  decomposition  of  the  illu  F  O  163 
minating  material.  This  is  at  a  temperature  below  redness, 
and  is  consequently  non-lummous.  Around  this  is  the  lumin 
ons  cone  (b),  the  flame  proper,  where  the  hydrogen  is  uniting 
with  the  oxygen  of  the  air,  and  the  particles  of  carbon  not 
having  yet  done  eo,  are  floating  about  in  an  incandescent  state 
and  radiating  hght  Seyond  the  second  cone  is  another  film, 
or  casing  (c)^^ where  the  oxygen  of  tho  ah"  unites  with  the  cbi- 
bon,  and  in  a  properly  adjusted  flamo  is  entirely  consumed. 
In  the  flame  of  a  gaa-jet  tho  same  parts  may  be  also  recognized. 
At  the  base  of  every  flame  a  pale  blue  lino  of  light  may  be  ob- 
served; at  this  point,  the  supply  of  oxygen  from  the  air  is 
insufficientlocompletelyandaimultaneousiy  consume  botli  the 
liydn^on  and  the  carbon  supplied  from  the  interior  of  the  flame,  and  then 
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The  portion  of  wick  within  tiie  interior  of  a  candle  flame  ia  charred  an  1 
blacltened  b;  tbe  heatj  but  not  conanmed,  owit^  to  the  &ct  tliat  tUo  burning 
eoveJop  wiiicb  Burrounds  it  effectually  cuts  oQ*  all  access  of  air,  and  tliua 
prevents  combustiotL  For  the  same  reason,  also,  the  interior  cone  of  com- 
bustible gases,  in  ereiy  luminous  flame,  remains  ui^igniled. 

Tlie  tapering  and  conical  form  which  flames  assume,  is  due  1o  tlie  ascending 
currentB  of  raj^fied  air  which  are  produced  io  tlio  atmosphere  bj  the  boat 
atlendaint  od  (he  combustion. 

479.  That  the  combustion  of  a,  candle  is  superficial,  and  that  the  flame  is  a 
film  of  white-hot  vapor,  indoang  an  interior  porlioo  whioh  can  not  born  f,r 
want  of  oxygen,  may  be  demonstrated  by  bringing  down  upon  the  flame  a 
piece  of  thin  glass,  so  as  to  make  a  transverse  Bcctiou  of  the  flame  ;  we  shall 
then  oltserve  a  ring  of  light  surrounding  the  dork  interior  part  of  the  flame. 
This  experiment  may  be  slill  better  performed  by  means  of  a  piece  of  fine 
Fig.  164.  vf'ae  gauze.  Wlien  this  is  brought  down  upon  the  flamo 
I,  of  a  lai^e  and  steadily  burning  candle,  the  flamo  will  bo 

cut  off  where  it  touches  the  gauze,  and  tho  exterior  lumin- 
eirels  will  be  well  defined.     (See  Kg.  164.) 
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may  bo  sliown  in  various  ways ;  as  lor  ex 
nite  a  small  quantity  of  strong  alcohol  i. 
place  a  rod  of  white  wood  across  it  lor  a  few  seconds  (set 
Fig.  165),  it  win  bo  found  on  removing  tlie  stick,  that  it  is        pj^   ^g5_ 
burned  or  blackoned  at  only  two  points,  viz.,  wlier©  tlie 
liamo  was  in  contact  wilh  tho  air.    The  samo  thing  may 
also  ho  shown  by  liolding  a  match  stick  for  a  few  seconds 
across  tho  middle  of  the  flame  of  a  spirit-lamp  with  a  large 
wick.    If  a  fragment  of  phosphorus  be  placed  in  a  amflll  _ 
circular  spoon,  ignited,  and  then  introdnced  inti 
die  of  a  largo  flame,  it  will  ba  extinguished,  but 
kindled  the  moment  that  the  spoon  is  withdrawn  from  the  flame. 

430.  In  order  that  a  fiame  should  exist,  a  very  high  temperature  ia  es- 
BcnBaL  This  is  parricularly  the  case  willi  the  fliunes  produced  by  the  com- 
bustion of  the  hydrocorlxms ,-  and  if  in  any  manner  the  t9mperature  of  a 
flame  is  reduced  beyond  a  certain  limil,  it  is  immediately  extinguished. 
Thus,  if  a  stout  copper  wire  be  introduced  into  a  flame,  it  will  be  observed 
that  a  dark  space  is  produced  around  it ;  a  second  wire  cools  tho  flame  sljl! 
further ;  and  a  small  flame  may  be  completely  extinguislied  by  the  cooling 
effect  produced  by  bringing  down  a  coil  of  wire  upon  it.  If  a  fine  wire-gauza 
he  brought  over  a  flame,  the  inflammable  gases  wiU  bo  so  far  cooled  by  pass- 
ing throngh  its  roeshos  (Iheir  heat  being  conducted  off),  tliat  they  no  longer 
continue  in  a  state  of  inflammation.    (See  Fig.  164.)    If  ilie  meshes  are  very 
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Fig.  IG6.  fine,  tho  conducting  power  of  tlie  metal  is  sufficient  to 
cool  the  Hame  balow  llie  point  of  ignition,  even  tiiou^  the 
wire  itself  may  be  red-hot.  The  inflaminHblo  vapor  wliich 
passes  throi^li  tlie  gauze  may,  however,  again  be  kindled 
by  the  direct  application  of  flame. 

These   exporiinenis  are  well  illustrated  with  a  jet  of 
gas  issuing  under  low  pressure.    If  tlie  gauze  be  held  over 
the  jet  before  it  is  l^hted,  and  a  8ame        Fiij.  !G7. 
applied  abovo,  it  will  take  firs  there,  but  the  liame  will 
not  pass  through  to  the  gas  below      (See  Fig  lel )    II 
we  place  a  piece  of  camphor  on  the  center  of  the  wire 
gauze,  and   apply  a  fiame  bLlcm',  the  cam 
FlQ.  16S.       pjj,,^  ^^j^  i^pu  g„^  pygg  through  tho  mtsho 
^^^>         bat  will  burn  only  on  the  under  side     (See 
VBk      Fig.  IGS.) 
^j^^  481.    Sarety-Lamp   —  These    facta,    discovered    by 

Sir  Humphrey  Davy,  ncre  boantifully  applied  by  hira  in 
the  construction  of  the  "Safety  Lamp,'  which  allows  tho 
miner  to  work  in  safety  in  an  atmoaphcro  pervaded  with  an.  Fro.  ICS 
explosive  miiture  of  light  carburetled  hydrogen  (fire-damp, 
see  §  452).  It  conaisis  merely  of  a  common  oil-lamp,  the 
flame  of  which  is  completely  hicloaed  within  acyhnder  of  wire- 
gauze.  (See  Fig.  169.)  This  completely  arrests  tho  passa]!^ 
of  the  flame;  so  that,  although  the  lamp  bo  introduced  into  an 
explosive  mixture,  the  flame  will  not  pass  througii  the  gauio 

482,  Reqaisilfs  for  the  FroilDction  of  Arti- 
fieial  Ligtit. — The  essential  requisites  for  the 
successful  production  of  artificial  light  by  the  i 
combustion  of  the  hydrocarbons,  are,  1st.  That 
there  should  be  a  free  supply  of  air  ;  and,  2d, 
That  the  products  of  combustiou  should  be  freely  con- 
ducted off. 

These  two  fiicts  may  be  illuatratod  by  placing  a  glass  cyhnder  over  a  lighted 
candle,  in  such  a  way  as  to  cut  off  its  connection  with  air  from  below;  tho 
flam^  in  this  case,  will  ba  oxtinguished  for  want  of  a  free  supply  of  air.  If 
the  cylinder  be  now  closed  at  the  top,  but  held  over  the  caudle  in  such  a  way 
that  the  air  can  gain  admittance  from  below,  the  flame  will  also  be  extin- 
guished, since  the  burnt  gases,  the  products  of  combustion,  are  unable  to 
escape,  and  by  their  accumulation,  prevent  combustion.     If  tlie  cylinder  be 
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placed  in  such  a  way  that  the  air  can  gain  free  Fig.  110. 

admittauea  belon,  and  escape  freely  at  the  top, 
beann^  with  it  the  products  of  combuetion  (see 
Fig  nO),  the  cajidle  will   not  ooly  continue  to 
bum  uninterruptedly,  but  its  combuatiou  will  bo 
more  perfect,  than  when  it  ia  allowed  to  bum 
openly  in  the  air.   The  reason  of  this  ia,  that  the 
ascent  of  the  cur,  heated   by  the  combustion, 
creates  a  rapid  current  of  freah  air  from  below  up 
through  tho  cylinder — tlms  supplying  more  oxy- 
gen witbin  a  gi^cn  time  and  space,  which  oi 
siona  more  periect  combusljon,  and  a 
illuminaUng  flame.    Hence  the  benefit  of  e 
rounding  a  lamp-flame  with  a  glass  ehimoey,  open  at  ihe  bottom  and  top. 

If  too  much  air  bo  supplied  to  a  flame,  tho  inflammable  gaaea  bum  with  a 
blue  and  fceblo  light,  an  cflfect  which  may  be  seen  by  blowing  upon  a  com- 
mon gas-flamo,  or  by  watching  the  exposed  gaa-iighia  of  shops  upon  a  windy 
night.  In  these  cases,  the  gas  becomes  immediately  mixed  with  the  oxygen 
of  the  air,  which  bums  up  tha  solid  particles  of  carbon  before  thoy  are  EUf- 
ficiently  healed  to  afford  light 

The  neeesaty  of  air  for  the  support  of  flame,  is  also  strikingly  shown  by  the 
fact,  that  it  ia  imposaiblo  to  light  a  lamp  or  canitle  with  a  match,  so  long  as 
tho  sulphur  on  the  end  of  it  is  burning  froely ;  since  tho  sulphurous  Tapor 
ahstraets  the  oxygen  from  the  nu:  around  iho  wick,  in  order  to  form  sutphui- 

48'i.  Argand  LampH.  —  In  an  ordinary 
lamp  or  candle-flame,  the  combustion  goes  on  only 
at  tl  ose  points  where  the  air  has  free  access,  via^ 
upon  the  outside  of  the  Same,  as  is  indicated  by 
the  e™tence  of  a  dark  central  portion.  If,  how- 
ever air  bo  introduced  into  tho  inferior  of  the 
flame  combustion  is  effected  lioth'  at  the  center 
and  at  the  circumference,  and  the  light  is  increased. 
This  arrangement  is  practically  carried  out  in 
those  lamps  which  are  fitted  with  hollow  or  dr- 
eular  wiclts,  and  which  are  known  as  "  Argand" 
lamps  from  theh' inventor.  In  theso,  acurrentof 
<,ir  rushes  up,  through  the  hollow  wick,  info  tho 
enter  of  the  ihimo,  as  shown  by  the  central  ar- 
ro-v",  F^.  ni,  causing  it  to  bum  in  the  form  of  a 
hollow  ring.  Tlie  combustion  is  also  made  moro 
powerful,  by  surrounding  tlie  flame  with  a  glass 
d  imney,   which   ia  usually  made  conical,  or  ia 
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caused  to  contract  at  a  certain  he^ht  above  tho  burner,  •^  as  to  fonii  a 
Blioulder,  A  B,  in  order  to  deflect  the  ascending  outer  current  of  aa,  and 
throw  it  in  upon  the  flame  at  an  ai^le.  In  tliia  way  the  temperature  of  tlio 
K3parate(i  carbon  particlea  of  tlie  flame  is  enormou'!?  increased,  and  the 
greatest  quantity  of  light  ia  produced,  from  a  gireo  amount  of  futL 

The  effect  of  the  drail  through  the  interior  of  tho  widi,  on 
Fio..  173.  tjjQ  eorabusUou  of  the  inflammable  gases,  may  be  readily 
made  apparent  by  closing,  with  a  piece  of  paper,  the  openings 
in  llie  base  of  the  lamp,  through  which  the  air  gains  admis- 
sion. The  flame  will  immediately  become  impaired  in  bri!- 
liancy,  burning  with  a  red  hght,  and  the  evolntion  of  much 


m  the  poorer  and 

the  greater  supply 
Fio.  173. 


In  an  Argand  lamp  we  are  able  to 
cheaper  oils  (those  which  ronti  n  an  e\ 
out  the  produotKU  tf  smoke  mismuch 
of  air  cffecta  the  entire  combustion  of 
carbon ;  whereia  in  an  ordinaiy  lamp, 
by  reason  of  the  hmittd  supply  of  a!r, 
we  can  use  only  the  best  oils,  or  those 
which  conlam  a  large  proportion  of  hi 
drogen.  Fig.  172  exhibits  tho  externil 
tmction  of  an  Argand  burner,  and  the  direeti  n  f 
:^iTents  of  air. 

174.     484.  BetaeliuB  Spiril-L    mp— Th 
so-called  "Beraelius    Spirit-Lamp    (       F ;, 
113),  employed  ia  chemical  laborat     e.    1 
obtaining  a  degree  of  heat  gre  t      h      ti   t 
afforded  by  an  ordinary  apirit-lamp   la        pi  i 
an  Ai^and  lamp,  fitted  to  bur     al  oh  1 

supphod  with  a  metallic  chimn  pi         t        — 

one  of  Klass.     The  standard  to  wh   h   t         tt    hed       p       dcd 
with  several  rings  of  various     Tct,  f     sustai      g    ra  bl  8,  p 
oelain  dishes,  etc.,  which  are  to  be  i     t  d. 

485.  The  Blow-Pipe .— T)      p       pi        p         1    h  tl 
blow-pipe  operates  are  essentially  th     san     %  th  so         Id 

truetion  of  the  Argand  L    p        j  t    f  ai  y^ 

thrown  into  the  mtcrior  of  a  flam  by  h  h  th  rap  dity  f  com 
buation  is  increased,  and  tho  heat  f  th  flam  pow  riUlly  gm  ted. 
[louth  blow  pipe  consists  essentially  of  a  bent  tube,  gener- 
ally of  brass,  terminating  in  a  fine  uniform  jet  (See  Fig.  1T4).  It 
is  usually  also  constructed  with  a  chamljer,  or  enlargement  of  the 
tnbe,  near  its  small  eitreniity,  which  serves  to  ooHeet  the  moisture 
which  condenses  fVom  the  breatii.     When  tlie  jet  of  the  blow-pipe 


at  la  i 


I  oil?    ' 
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is  inaert^id  h.to  tl.e  flame  if  a  csnlb 
and  a  ouirent  of  air  fjrctd  fr  m  it 
the  flame  lofea  its  lummositj'  and  ' 
projected  laterally  in  tlie  form  ol  a 
beautiful,  pointed  cone,  in  vih\cb  two 
parts  are  distinctly  discernible,  vis.,  a 
Bmall,  blue  interior  cone,  a  6,  and  a 
latgor  estorior  cone  of  a  yellowish 
appearance,  c  Tlie  different  parla  of 
tliis  flame  possess  very  different  properties. 

The  blue  cone  is  formed  by  tlie  admixtare  of  air  with  the  c 
gaaes  rising  Horn  the  wick  ;  in  this  pint  of  the  flame  the  combustion  ia  <x 
pleta,  and  the  heat  greateat.  In  front  of  tlie  bluo  cone  is  Uie  luminous  por- 
tion, consiisting  of  unburnt  combustible  gases  at  a  high  temperature,  which 
of  course  have  a  powerful  tendency  to  combine  with  OKy^n.  If  a  fragment 
of  some  metallic  oxyd,  sudi  as  oxyd  of  copper,  be  introduced  into  tliis  part 
of  the  flame,  the  oxyd  will  bo  deprived  of  its  oxygen,  in  consequence  of 
the  anperior  affinity  of  the  hot  gases  fbr  thia  element,  and  will  be  re- 
duced to  a  metallic  stats :  hence  this  portion  of  the  flame  of  tlio  blow-pipo 
is  termed  the  "  reduciny  fiame."  At  the  apex,  or  extreme  pomt  of  the  outer 
flame,  these  efttets  are  reversed.  Hero  atmoaphoric  oxygen  at  a  high  tem- 
perature exista,  and  ita  tendency  ia  to  unite  with  any  substance  with  which 
it  may  be  brouglil  in  contact;  Henoo  if  a  fragment  of  meta3,  such  as  lead, 
tin,  copper,  etc^  be  placed  at  this  point,  it  will  quickly  become  covered  witli 
oxyd ;  and  this  apot  ia,  therefore,  callod  the  "  oxydmng  fiame"  of  the  blow- 
pipe. 

The  opposite  actions  of  the  different  portions  of  tlie  blow-pipe  flame  mny 
bo  illustrated  by  the  effects  which  they  produce  upon  a  pieeo  of  flm^glass, 
which  contains  oxyd  of  load,  united  with  silica.  Jn  the  reducing  flame  the 
silicate  of  lead  is  partially  decomposed,  and  the  glass  at  this  point  becomes 
black  and  opaque  fi^m  the  reduction  of  the  oxyd  of  lead  to  t!ie  metallic 
state ;  but  by  placing  the  blackened  part  for  a  few  seconds  in  the  oxydizing 
llame,  oxygen  is  again  absorbed  by  the  metal,  and  the  transparency  of  the 
glass  ia  restored. — Miller. 


Fig.  1 


So  also  if  we  hold  a  brightly  pol- 
ished cent  over  the  fiame  of  a  spirit- 
lamp  (see  Fig.  ns)  the  parts  exposed 
to  the  exterior  of  the  flame  will  be- 
come covered  with  an  iridescent 
coating  of  oxyd,  ivliile  those  over  the 
r  of  the  flame  remain  bright, 
y  moving  the  coin,  after  it  has  be- 
IB  thoroughly  heated,  to  and  tro 
r  tlie  flimie,  a  veiy  beaiitilXd  play 
v-pipe  flame  ?    What  la  the  ledudnff 
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of  colors  will  be  observed,  the  metal  being  alternately  converted  into  oxyd, 
and  the  oxjd  into  metal 

486.  Carbon,  during  tlio  act  of  combustion,  as  in  an  ordinary  flame,  assames 
two  conaecutive  phases,  viz.,  while  it  is  evolving  heat  and  light  it  is  a  solid, 
but  immediately  alter  it  becomes  a  gas.  It  is  this  property  which  renders 
fiu-lion,  of  all  oombiKtiblo  bodies,  the  mo^tauilabb  for  heating  and  iUnminal- 
in^parposes — ciuestioiis  of  ci)st  and  eonveiiionop  being  set  aside.  Phosphonis 
burna  in  tiie  air  witli  a  more  brillianc  light  than  carbon — yet  this  substance 
could  not  be  used  as  an  agent  for  prodtidng  light  and  heat,  ance  the  solid 
]  roducts  of  its  combastion  remain  solid,  and  being  depo^lcii  on  contiguoas 
objecis,  soon  smother  the  combustible  beneath  ila~own  ashes.  Zinc,  when 
highly  Leated,  hums  in  t!ie  air  with  a  brilliant  flame,  but  tiie  products  of  its 
combustion — white  osyd  of  zinc — lyi  about  the  illuminating  center  in  a  min- 
iature shower.  The  ordinary  product  of  the  combustion  of  carbon,  on  the 
contrary,  is  a  gas,  carbonic  acid,  which  in  virtue  of  its  gaseous  qualities  es- 
capes into  the  atmosphere,  and  combiaativo  action  remains  imimpeded.  Had, 
however,  the  results  of  its  combustion  been  a  permanent  solid,  "  the  world 
would  have  been  buried  beneath  a  covering  of  ashes."* 


CHAPTER    YIII. 

THE      METALLIC      ELEMENTS. 

487.  Ilistory.~OF  the  whole  number  of  elementary 
substances  included  in  the  class  of  metals,  fully  one  half 
are  so  rare,  that  they  are  knowi:  only  to  the  chemist  and 
the  mineralogist ;  of  the  remainder,  some  fourteen  or  fif- 
teen only  admit  of  any  extensive  practical  applications. 
But  eight  metals  were  supposed  to  be  known  to  tho  an- 
cients, 


In  tlie  draught  of 
hundreaihs,  gr  m 
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468,  PropertieB . — Tlio  metals,  as  a  clans,  are  oliaracterized  by  a  pe- 
culiar luster,  termed  metallic;  a  property  exhibited  in  the  highest  d^ree  by 
bumiahed  Bteei,  and  the  reficcling  BurtacfS  of  mercury  in  glass  mirrora.  Tliej 
are  also  posaesaed  of  a  high  degree  of  opacity,  and  are  good  conductors  of  heat 
and  electritdty. 

■  D  e  n  s  1 1 ; . — Id  density  the  moEala  differ  greatly ;  potassium  and  sodium 
being  lighter  than  water,  while  gold  and  platinum  are  the  most  dense  of  all 
Bubatanees,  being  respectively  nineteen  and  twenty-two  times  heavier  ihaa 
an  equal  bulk  of  water. 

HardDexf  • — Titanium  and  maogancso  are  the  hardest  of  the  mctali^ 
boi(^  harder  than  steel ;  lead  may  be  scratched  by  the  finger-nail ;  potassium 
and  sodium  arc  as  soft  as  was  ;  while  mercury,  at  ordinary  temperatures,  is 

Malleability  and  B  n  c  I  i  1  i  t  y  .—Tlio  most  malleable  of  the  metals 
are  gold,  silver,  copper,  tin,  cadmium,  platinum,  lead,  zine,  iron,  nickel,  potas- 
sium, sodium,  and  frozen  merourj — in  tlie  order  given.  Theaa  may  all  bo 
hammered  out  into  plates,  or  ovon  int^  thin  leaves. 

The  same  melala  are  likewise  ductile,  or  may  bo  drawn  into  wires,  although 
the  ductility  of  different  metals  ia  not  always  proporljonal  t«  their  malleability. 
The  most  ductile  of  the  metala  are  gold,  silver,  platinum,  and  iron. 

In  tlie  manoGicture  of  gold-tliread,  by  recently  improved  processes,  gold  in 
combination  with  silver  is  drawn  into  wire,  by  Torcing  it  througii  smooth 
conical  boles  pcrtbratcd  in  rubies — so  fiiie,  that  a  ^nglo  ounce  is  made  ta 
stretch  over  a  length  of  »xty  miles. 

'J'  C  n  a  e  i  t  y . — The  tenacity  of  the  metals,  or  the  power  which  they  pos- 
sess of  resisting  tension  without  breaking,  is  dcttrrmined  by  ascertaining  the 
weight  required  to  break  wires  of  them  having  the  same  diameter.  Iron 
appeals  to  possess  this  property  in  the  greatest,  and  lead  in  the  least  degree. 
A  wire  of  iron  T-lOOths  of  an  Inch  in  diameter,  will  sustain  a  weight  of  HI 
lbs. ;  a  wire  of  copper  of  tho  same  diameter,  300  lbs. ;  of  gold,  137 ;  of 
lead,  24. 

The  tenacity  of  metals,  however,  varies  greatly  in  the  same  metal,  with  its 
purity  and  the  metliod  by  which  it  has  been  wrought.  Recent  esperimonts, 
made  under  the  direction  of  tlio  U.  S.  War  DBpartment,  have  shown  that  Iho 
cohesive  strength  of  iron  is  greatly  increased  by  fusing  it  a  number  of  times 
up  to  a  certain  point — its  caparaty  U>  remst  transverse  strains  being  increased 
tliereby  axty  per  cent.  The  tenacity  of  iron  ia  dosely  dependent  on  its 
density.  Thus  cast-iron,  having  a  density  of  6*900  has  a  tenacity  five  timci 
less  than  iron  of  a  density  of  7-400.     Iron  castings  of  the  greatest  weighty 


iLa  leading  cluractf 
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according  to  their  size,  are  by  far  the  stmngeat,  and  weighing  Sicm  is  a  readj 
nieanH  of  judging  comparativelj  of  their  strength. 

A  eomigated  sheet  of  motal,  or  one  that  ia  doubled  into  ridges  and  foids, 
will  resist  a  far  greatsr  crushiag  force  than  a  flat  surface.  In  the  ease  of  cop- 
per, the  ratio  of  strength  has  been  proved  to  bo  as  great  aa  I  to  9. 

P  u  s  i  b  i  n  ( y . — Ail  the  metals  admit  of  being  fused  by  the  application 
of  heat,  but  the  temperatures  at  which  0:ey  liquefy  are  very  various.  Mer- 
cury, lor  example,  remains  fluid  at  a  temperature  as  low  as  — 39°  P.,  while 
platinum,  u^dium,  rhodium,  and  several  others,  require  the  intense  heat  of 
the  voltaic  battery  or  the  oxyhydrogen  blow-pipe  to  effect  their  fusion. 

W  e  1  d  1  n  s . — Some  metals  acquire  a  pasty  or  adhesive  slate  before  under- 
going complete  fusion,  in  which,  if  two  clean  surfaces  be  presented  to  each 
other,  and  strong  pressure  or  hammering  be  employed,  tliej  unitt  or  Vi  eld 
tc^etiier,  so  as  to  form  one  continuous  mass.  The  metals  which  possess  this 
property  are  iron,  platinum,  paUadium,  and  the  raetals  of  the  alkahoa 

Volatility. — At  higher  temperatures  than  is  required  for  their  fusion 
bU  the  metals  are  probably  volatUe.  Seven  of  the  metals  are  so  *  olatile  as 
to  admit  of  distillation  from  the  compounds  which  contain  them  Thej  aro 
mercury,  arsenic,  tellurium,  cadmium,  zioc,  potassium,  and  sodium  * 

i89.  A 1 1 0  y  a  . — Combinations  of  the  metals  with  metals  are  termed  Al- 
loys, many  of  which  are  most  extensively  used  in  the  arts,  as  brass,  bronze, 
boll-metal,  type-metal,  Glerman  ^Iver,  etc. 

490.  Amalgam  — When  the  metals  combine  with  mercury,  the  result- 
ing product  is  called  an  ajnatgam. 

It  is  sometimes  questioned  whctiier  alloys  are  true  chemical  compotlnds ; 
but  the  general  opinioQ  at  the  present  time  is,  that  they  are  mixtures  of  defl- 

iavor  of  this  view  is,  that  some  definite  compomids  of  Che  metals  occur  natu- 
rally] and  when  an  alloy  ia  tbnned,  the  specific  gravity  of  the  compound  is 
either  above  or  ijelow  that  of  the  mean  of  the  metals  employed  j  the  fusing  point, 
nlSD,  of  an  alloy  is  generally  much  lower  than  the  mean  of  the  metals  which 
compose  it.  This  is  strikingly  shown  in  an  alloy  called  the  "  fusible  metal," 
which  is  composed  of  8  parts,  of  bismuth,  5  of  lead,  and  3  of  tin,  and  melts 
at  203°  F. — a  temperature  more  than  200°  below  tlio  melting  point  of  tin, 
the  most  fhsible  of  its  constituents,  and  400°  below  that  <rflead.  Its  low  fu- 
aibUity  may  be  illustrated  by  melting  a  quantity  of  it  in  a  paper  cruoibla 

•  EeamB  of  wood  BnBpenfled  oref  copper  smclBng  farnMes  have  hcon  obMrvert  to  ho 


HnjtcdbyGoOglc 


POTASSIUM.  327 

431.  All  the  metals  have  the  property  of  assuming  tlio  CTystallino  form 
but  it  is  not  always  easy  to  place  them  under  circumstances  favorable  to  their 
doing  so.  Some  of  them  occur  in  nature,  in  a  crjatallized  Htato,  particularly 
goltl,  silver,  copper,  bismuth,  and  platiniiin. 

492.  All  the  mewls  are  capable  of  uoi^ng  with  oxygen,  but  they  differ 
greatly  in  tlieir  affinities  for  this  element.  Tlie  greater  number  combine  with 
it  at  all  temperatures,  and  are  reduced  (deoxjdizod)  with  difficulty.  Otliera 
on  the  contrary,  like  gold  and  platinum,  can  not  be  mado  to  combine  with 
oxygen  directly ;  and  their  oijds  are  decomposed  at  a  slight  increase  of 
temperature. 

The  metallic  oxyds  differ  greatly  in  their  properties.  Some  of  them  pos- 
Bes8  basic  characlera  more  or  less  marked ;  others  wUl  not  combine  with  either 
acida  or  alkalies ;  while  a  third  class  have  distinctly  acid  properties.  The 
strong  bases  are  all  protoxyds,  containing  single  equivalents  of  metal  and 
oxygen :  the  peroxyds  are  generally  neutral,  while  the  metallic  acids  contain 
the  largest  quantities  of  oxygen. 

493.  lllassfdealion  o(  tht  Melals.— The  metala  may  l>e 
arranged  in  four  classes,  viz, :  1.  The  metals  of  the  alka- 
lies ;  2,  The  metala  of  the  alkaline  earths  ;  3.  The  metals 
of  the  earlbs  ;  4,  The  heavy  lactale,  or  metals  proper. 

The  latter  class  may  be  again  subdivided,  according  to  the  affinity  of  the 
metals  contained  in  it  for  oxygen,  into  two  groups— the  noble  and  the  com- 
mon raetals.  The  former  resist  the  action  of  oiygen,  like  gold,  silver,  etc; 
while  the  latter,  like  iron,  lead,  copper,  etc,  unite  with  it  readily. 


CHAPTER    IX. 

THE  METALS  OF  THE  ALKALIES. 

The  metals  which  by  oxydation  produce  alkalies  are 
Potassium,  Sodium,  Lithium,  and  a  hypothetical  sub- 
Btanco,  Ammonium,  the  radical  of  Ammonia, 

SECTION    I. 

Equivdieal,  30-3,     Symbol,  K  (Kalium).     Specific  gravity,  0-8GB. 
494,  ilisloiy.— Potassium  was  discovered  by  Sir  Hum- 
phrey Davy  in  1807,  who   obtained  it  by  i 
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hydrate  of  potash  (KO,  HO)  by  the  action  of  a  powerful 
galvanic  battery. 

The  diacoTery  of  potassium  marks  an  era  in  the  progress  of  chemistry. 
The  alkalies  and  the  alkaline  earths  had  long  boen  suspected  to  be  compound 
bodies,  but  up  to  tliia  period  tliey  had  resisted  all  attempts  to  decomposo 
thoto.  WlioQ  once,  however,  potassium  liad  been  separated  from  its  com- 
pounds, and  potash  had  been  proved  to  be  an  o\yd  of  tliis  metal,  the  do- 
composition  of  the  othor  alkalies  and  earths,  and  the  discovery,  in  quick  suc- 
cession, of  sodium,  barium,  strontium,  and  calcium,  followed  as  a  necessary 
consequence. 

495.  DixtribDtion  —Potassium  la  widely  diffused  in  nature,  but  al- 
ways in  combmation  with  other  bodies.  Many  of  the  minerals  which  com- 
pose the  crystalline  rocks,  such  as  feldspar,  mica,  etc,  contain  potash  united 
with  Mlica — Mlicate  of  potash.      As  tliese  rocks  crumble  down  into  soils, 

.  potash  assumes  a  soluble  form,  and  is  gradually  tid:en  up  by  plants,  and  ac- 
cumulated in  tlieu'  structure.  When  phmts  are  burned,  the  potash  thus  ab- 
solbed  constitutes  a  part  of  their  ashes,  and  from  these  nearly  all  -our  supplies 
of  this  substance  are  derived.  Potassium  also  e:tists  in  sea-water,  as  cliloride 
of  potassium. 

496.  Preparation . — The  original  method  of  proparing  potassium 
through  the  agency  of  the  galvanic  battery  is  troublesome  and  expensive, 
and  a  new  method  has  been  devised,  which  consists  fsaentJally  in  subjecting 
a  mixture  of  finely  pulvorized  charcoal  and  carbonalu  of  potash  in  an  iron 
retort  to  an  intense  heat;  decomposition  of  the  alkali  ensues,  and  tbo  potas- 
dum  distils  over  in  metallic  globules  which  are  collected  in  a  vessel  of 
naphtha. 

497.  P  ro  p  e  rt  i  ex. — When  a  globule  of  potassium  is  freshly  cut  open, 
it  appears  as  a  brilliant,  silvcr-whito  meta) ,'  but  the  exposed  surface  in- 
stantly tarnishes  by  contact  with  tbo  air,  and  in  a  few  minutes  becomes  cov- 
ercl  with  a  white  coaling  of  osyd  (potash).  At  common  temperatures  it  is 
solt,  and  may  be  molded  liko  wax ;  at  32°  F.  it  is  brittle  and  crystalline.  Its 
nttracUon  for  oxygon  is  so  great,  that  it  can  only  be  preserved  in  a  pure  state 
in  exhausted  and  sealed  glass  tubes,  or  under  the  surfaco  of  some  liquid, 
like  naphtha,  which  contains  no  oxygen.  At  high  temperatures'  it  will  re- 
move oxygen  from  almost  all  liodies  which  contain  this  element,  with  whidi 
it  is  brought  in  contact.  The  powerful  attraction  of  potassium  for  oxygen 
may  be  illustrated  by  throwing  a  small  piece  of  the  metal  upon  the  suriheo 
of  water,  in  whicli  case  a  part  of  the  water  is  immediately  decomposed — its 
oxygen  combining  with  the  potassium  to  form  potash,  whilst  tbo  liberated 
hydrogen,  taking  fire  from  the  beat  evolved,  burns  in  connecdon  with  a  por- 
tion of  th»  volatilized  metal,  with  a  beautiful  rosa-rod  flame  (aeo  Fig.  m) ; 

<!nEanoK8.— Wh»t  conacqncncESfolloirea  the  dljcorery  of  potasaimnf    What  is  Bai.l 
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the  potassimn  at  tho  saiio  time  fasicg,  assumes  tho  pjQ_  jij^j 

spberoiilui  state  (g  154),  and  moves  oyer  tlie  suduce  of 

the  water  witb  great  rapidity,  finally  diauppearing  n 

an  eiploaivo  biuat  of  Bteam,  as  tlie  globulo  of  melted  ^^S^ 

potash,  which  is  formed  by  oxydotjon,  becomes  suiE-  ~ 

oiently  cwd  to  eorao  iii  contact  with  the  water.    If  this 

experiment,  which  is  one  of  tho  most  beautiful  in  chemistry,  be  made  o 

vessel  of  water  reddeoecf  with  a  vegetable  color,  tho  alkali  produced  cliai 

tliia  color  to  blue  or  green. 

40».  Compounds   of  PotasRiutn. 

Protoxyd  of  Potaasium.  Potash,  or  Potassa,  RO  — 
The  onlyknown  method  of  obtainiag'  this  oxyd  frao  from  water,  is  by  ex- 
posing potassium  to  dry  air.  when  it  osydates  to  a  fine  wliite  powder.  If 
once  united  with  water,  no  degree  of  heat  isAuffii'^ieDt  to  expel  thu  water. 

The  polaab  of  commerco  and  of  tho  laboratory  is  always  a  hydrate  (KO,  IIO). 
It  is  prepared  by  diawlvini;  carbonate  of  potash  in  ten  or  twelve  times  its 
weiglit  of  water,  in  a  clean  iron  vessel,  and  adding  to  the  boiling  solution  a 
quantity  of  good  quick-lime  oqual  in  weight  to  half  tho  earbooaW  of  potash 
used.  The  lime  should  be  proviouslr  slacked,  made  into  a  cream  with  water, 
and  added  in  small  portions  at  a  time,  so  tliat  the  liquid  may  be  kept  at  the 
boiling  point  The  limo  abslracla  tho  carbonic  acid  from  the  potash,  and 
forms  carbonate  of  limo ;  which,  being  insoluble,  is  predpitated,  leavmg  hy- 
drate of  potash  in  aolu&in.  Tiie  clear  solution,  if  properly  prepared,  will  not 
cffcrvesce  on  the  addition  of  hydrochloric  acid,  thus  sliowii'g  that  all  tho  oar- 
bonio  acid  has  been  transferred  from  the  potash  to  tho  limo.  Tlio  clear  liquor, 
which  is  known  as  solution  of  causlic  potasli,  when  drawn  olf  by  a  syphon  from 
tho  precipitate,  and  evaporated  to  dryness,  yields  a  grayish-white  solid,  with 
a  crystalline  fracture — the  crude  potaii  of  commerce.  This,  melted  and  caEt 
into  sticks,  conitimtes  the  caustic  or  fused  potassa  of  the  shops  (lapia  in/er- 
noi.j),  and  is  used  in  this  stale  by  tho  sui^ons  as  a  cautery, 

409.  Properties . — Ilydrato  of  potash,  after  fiiaion,  is  a  hard,  grayish- 
while  substance ;  vciy  deliquescent,  and  dissolving  freely  in  water  and  alco- 
hol. Both  in  the  solid  state  and  in  solutioa,  it  rapidly  absorbs  carbonic  add 
from  the  air,  and  must  therelbre  bo  preserved  in  closely-stopped  bottles. 

Hydrate  of  polasti  possesses  in  solution,  tho  properties  termod  alkaline,  in 
Ihe  very  highest  degree.  It  noutraiizes  tho  most  powerful  adds ;  restores  tho 
blue  color  to  reddened  litmus,  ciiangcs  tho  blue  iniUsion  of  cabbage  into  green, 
but  iu  a  short  time  entirely  destroys  these  colors.  It  has  a  pecolior  odor, 
ai  acrid  and  di^^usting  tuste,  oliaracteristio  of  the  alkalies,  and  quickly  do- 
s:rovs  both  animal  and  vegetable  matters ;  for  this  reason,  its  solution  can 
not  be  filtered,  oxo^pt  through  pounded  gla^a  or  sand,  and  is  always  best  clar- 
ified by  allowing  tho  impurities  to  subside,  and  then  decanting  off  tho  clear 

dT  commeniial  patasbr    How  iait  preparadr    What  is  caDsUo  polassa f    'Wbat&miU 
pn>i>erlieBf 
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Kquor.  Hydrate  of  potash,  wlicn  handled,  imparta  to  the  fingers  a  peculiar, 
soapy  reel,  which  ia  occasioned  by  a  gradual  solution  of  the  akin  (culiele). 

The  affinities  of  polassa  when  heated  are  so  powerfiil  that  but  few  sub- 
Btancea  are  capable  of  resisting  ita  action ;  those  which  contain  silica  aro  decom- 
posed by  it,  tuid  oven  platinum  itself  is  orydized  by  It.  With  tho  fata  and 
fixed  oila  it  forms  soaps,  which  aro  true  salts,  composed  of  a  latty  acid  and  tho 
alkaline  baso.  Its  applicalioos  alao  in  chemistry  and  in  the  arts  are  almost 
ionumcrable. 

600.  Potassa  ia  the  strongest  base  known  in  ehemiBtry;  consequently,  it 
may  he  used  to  effect  the  decompoaitiori  of  almost  every  salt.  This  may  be 
illastral«d  by  adding  a  solution  of  potash  to  a  solution  of  either  the  sulpliatfiS 
of  iron  (green  vitriol)  or  copper  (bhie  vitriol),  in  water;  tho  potash  immedi- 
ately unites  with  tlio  acid,  and  the  insoluble  metallic  oxyd  is  precipitated 

Potash  is  a  fatal  corrosive  poi^n. 

501.  Carbonate  o/  Potash,  M,t9,.—Pearlash.  —  Thja 
important  salt  is  obtained  almost  exdasively  from  the 
ashes  of  land  plants  ;  the  ashes  of  marine  plants,  on  tho 
contrary,  contain  soda,  and  but  comparatively  litfle  potash. 
In  countries  where  wood  is  most  abundant,  as  in  some  parts  of  the  Unit'^d 
States,  Canada,  Rnasia,  etc,  it  ia  burned  exclusively  for  the  sake  of  its  ashes. 
These  are  collected,  placed  in  lai^o  tubs  (leach  tubs),  and  treated  with  water ; 
tho  water  soaking  through  the  ashes,  dusaolves  out  tho  potash  salts,  blether 
with  various  other  soluble  mineral  substances,  and  is  converted  into  ley ;  this 
when  evaporated  to  dryness,  yields  an  impure  carbonate  of  potash,  which  ia 
sold  m  commerce  in  immense  quantities,  uuder  tho  names  of  pol  and  pearl- 

Tho  weight  of  ashes  furnished  by  different  plants  varies  in  diSerect  species 
and  soils.  Herbaceous  plants  yield  more  than  woody  ones;  and  the  leaves, 
bark,  and  young  shoots  arc  the  parts  which  fiirniah  the  greatest  quantity  of 
alkali.  Potash  does  not  exist  m  plants  in  the  form  of  carbonate,  but  la  accu- 
mulated in  tlieir  substance  in  combination  with  certain  organic  acids.  Tbu^ 
potash  in  the  vino  is  combined  with  tartaric  add,  and  in  tho  sorrel  with  ox- 
alic acid.  When  plants  aro  burned,  these  acids  are  destroyed,  and  tho  potaah, 
uniting  with  carbonic  acid  formed  during  tho  combustion,  is  obtained  in  tho 
form  of  a  carbonalo. 

Carbonate  of  potash  has  strong  alkaline  properties,  and  dissolves  in  about 
twice  ita  weight  of  water. 

603.  Bi-Carbonnte  of  Potash,  KO,  20  0,  is  a  compound  co:i- 
taining  double  the  quantity  of  carbonic  acid  that  ordinary  potash  does ;  it  is 
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rctj  geoerally  known  under  tlio  name  of  "  saleratus,"  but  this  term  is  often 
apiiiud  to  designiW  any  puritied  uarbonate  of  potash. 

Ooa.  Slilfute  of  J'ulasli,  KO,»Oi.  —  Saltpeter,  JTOer.— This  salt 
occurs  somewhat  abundantly  as  a  natural  product.  The  chief  sources  of  its 
supply  are  cerlain  dietricta  of  tlio  East  Indies,  where  it  is  found  disseminated 
through  thu  s<wl,  or  as  an  efSoreacence  upon  the  surlaco.  It  is  obtained  in  a 
separate  state  by  treating  tlie  earth  with  water,  and  allowing  tlie  solution  to 
eryatailize.  It  is  supposed  to  bo  producod  by  the  decomposition  of  orgunie 
matlere  cont^ing  niwi^ii  in  soils  contauiing  potash  and  lime. 

Iq  Europe  saltpeter  is  formed  artihcially  by  mixit^  animal  refuse  of  all 
kmds  with  old  mortar,  mood-ashes,  elc.,  in  heaps,  exposed  to  the  air,  but 
Bhcltorcd  irom  the  rain.  These  heaps  are  watered  trom  time  to  time  with 
putrid  urine,  and  after  the  lapse  of  two  or  three  years  the  mixture  is  washed, 
and  the  salt  crystallized  out  A  cubic  foot  of  refuse  may  in  lius  way  be 
made  to  yield  as  much  as  20  ounces  of  niter. 

Tlie  earth  on  the  floor  of  many  caverns,  as  the  Mammoth  Cave  of  Kentttcky, 
often  becomes  sbongly  impregnated  with  nitratoof  lime,  which,  when  leached 
with  wood  a.she3,  or  treated  with  potash,  is  decomposod,  and  yields  nitrate  of 
potash.  In  this  way  saltpeter  was  maouliictured  for  the  Govemment  during 
the  war  of  1312, 

504.  Propertio  s. — Saltpeter  crystallizes  in  long,  six-sided  prisms,  and 
Is  freely  soluble  in  water ;  its  solubility  increasing'  in  a  remarkable  mannor 
with  tho  temperature  of  the  water;  thus,  lOO  parts  of  water  at  32°  F.  dissolvs 
t  parts;  at  fiS"?.,  29  parts;  and  at  212T.,  400  parts.  Tho  lasle  of  salt- 
peter is  cooling  and  saline ;  it  is  an  antiseptic,*  and  is  used  in  brine  for  pro- 
serving  tlie  natural  color  of  salted  meats. 

Owing  to  tlio  great  quantity  of  OJrygen  which  saltpeter  contains,  and  tho 
Sicility  with  which  it  parts  witli  it,  it  is  extensively  used  as  an  oxydizing 
agent  When  thrown  upon  burning  coals  it  deflagrates  brilliantly.  If  paper 
he  dipped  in  a  solution  of  niter,  and  dried,  it  forms  what  is  well  known  as 
"  touch-paper,"  which,  when  once  kindled,  steadily  smoulders  away  till  con- 
earned,  and  is  hence  lately  employed  in  liricg  trains  of  powder,  fireworks. 

The  occurrence  of  fsarful  explosions,  when  warehouses  containing  saltpeter 
in  large  quantities  have  been  consumed  by  fire,  has  occasioned  mucli  specu- 
la^oQ  as  to  whether  ignited  saltpeter  will,  under  any  circumstances,  explode. 
The  fiiits  in  regard  to  this  subject  are  as  follows ; — saltpeter,  when  burned  by 
ilself,  will  not  explode ;  but  the  oxygen,  which  is  liberated  dnnng  its  ignition, 
by  mingling  with  -the  catbonaceoua  gases  evolved  during  the  combustion, 
at  the  same  time,  of  other  Eubstancos,  may  produce  explosive  compounds. 


poallioa  of  organic  tubKtances,  such  as  eallaa  bodies,  sclils,  ele. 

It  snd  relard  tbo  dMoia- 

n™iy  obtained  t    -Wl-t 
LfieiBlljf    Mfbatala  th« 
Bitaploiof 
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503.  Uunpowder  i — The  principal  use  of  ealtpeter  ia  for  the  maou&c- 
ture  of  gunpowder,  whioh  consista  of  a  mpohanioai  mixture  of  niter,  sulphur, 
and  cliaJiMjal,  io  proportiona  whicdi  very  nearly  correspond  to  1  eiiuirulect  of 
niter,  3  of  carbon,  and  1  of  sulphur;  tlius;— 

Kitcr,        1  pq.  101  U'S 

Sul|)liur,    1  cq.    IG  13-3 

Charcoal,  3  eq,     IS  11 'S 

133  lOO'O 

The  great  explosive  power  of  gunpowder  U  duo  to  tho  sudden  conversion 
of  llic  solid  grains  inw  gasea  (principally  nitrogen  and  carbonic  acid) ;  Uicse, 
at  tho  ordinary  tenipcmturo  of  tiio  air,  would  occupy  it  apaco  equal  to  about 
300  times  tho  bulk  of  tbo  powder  used;  but  from  tlio  intense  heat  developed 
at  the  moment  of  tho  explosion,  llio  oxpansioa  amounts  to  at  Itast  1,500 
times  the  volume  of  the  powder.* 

506.  MaD  a  rac  t  ur  e  of  Gunpowder.  —  In  tlie  manufacture  of 
gunpowder,  the  three  materials,  in  the  state  of  the  greatest  purity  are  first 
pulverized  separately,  and  then  mi':ed  in  the  proper  proportions.  They  are 
then  slightly  mokteuod,  and  fiirthcr  ground  and  bknded  togetlier  m  charges 
of  42  Its.  each,  by  means  of  large  cylinders  or  whoda  of  non,  weiglimo'  sev- 
eral tons  each,  which  roll  round  over  the  powder  In  a  large  wooden  tub.  The 
mixture  is  tlion  spread  in  layers  of  about  an  inch  in  tliioknesB,  between  cop- 
per plates,  and  subjected  to  an  fmniense  hydraulic  pressure.  A  thin,  hard 
ealte  ia  thus  oblfuned,  which  U  broken  into  sumll  fragmenla,  or  gramilated,  by 
subjecting  it  to  tho  action  of  toothed,  brass  rollers,  of  diOferent  successive 
gauges.  The  grains  are  nest  sorted  by  nieans  of  sieves  of  different  sizes; 
after  which  tlidy  are  thoroughly  dried  by  steam-heat,  and  finally  polished  and 
glazed  by  rotating  them  in  wooden  revolving  oyhnders,  with  a  small  quan- 
tity of  "  black  lead." 

The  object  of  granulating  tho  powder  is  to  iavor  the  rapidity  of  the  ex- 
plosion, by  leaving  intor^ticea  throi^h  nhioh  the  flime  is  enabled  lo  pene- 
trate, and  kindle  cv  ry  gnin  at  tho  same  moment.  Powdtr,  in  the  form  of 
line  dust,  burns  rapidly  but  does  not  explode  The  finng  of  gunpowder  is 
not  absolutely  instantaneous,  imamu  h  as  gun-cotton  and  fulminating  mer- 
cury explode  much  mure  rapidly— nhieh  fw.ta  prove  duration  in  the  explosion 

]»  placed  in  a  closoi  eivily  and  M  e  amij  Ixi  t»o  thirds  Ulled,  11  o  force  irill  Qice&l 

iiich.    Recent  eipertnionB,  by  Mr.  Treadw.^li  of  Boston,  also  tend  lo  confirm  these  con- 
irould  not  rund  walla  mado  of  cartridge-p&per,  if  a  lAa^le  end  sere  left  opBii  lo  ile  escape. 
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of  powder.*  Substances  wliich  eiplodo  more  r^idly  tlian  gunpowder  are 
nut  adiipted  for  tbe  movement  of  projectiles,  itiasniu<;li  as  sufficieot  time  ia  not 
given  to  allow  the  cliar^  to  receive  the  fijll  advantage  of  the  expansive  (broa 
of  the  gases  genera.led ;  their  action,  therefore,  is  not  to  project  tho  ball,  but 
to  burst  the  gun. 

The  goodness  of  gunpowder  may  be  tested  by  placing  two  small  heaps  upon 
clean  writing-paper,  three  or  four  inches  asunder,  and  firing  one  of  them  with 
a  red-hot  wire ;  If  tlio  flame  ascends  quickly,  with  a  good  report,  leaving  the 
paper  free  from  while  specks,  and  not  burnt  into  holes ;  and  if  no  sparks  liy 
oif  to  ignite  the  contiguous  heap,  the  powder  Is  very  good ;  but  if  these  tests 
£ul,  the  ingrediODts  are  badly  mixed  or  impure. 

SECTION    II. 


Eguivalent,  23.     Symbol,  Na  (Natrium).     Specijk  gravity,  0-972. 

507.  History  and  Distriliution.— This  metal  was  first 
obtainci.1  ty  Davy,  imaiediatcly  after  the  discovery  of 
potassium,  by  the  voltaic  decomposition  of  soda.  It  is 
now  prepared  very  cheaply  from  the  carbonate  of  soda,  by 
a  process  aualag^ius  to  that  followed  ia  the  preparation  of 
potassium. 

Sodium,  iQ  combination,  occurs  most  abundantly  ia  the  mineral  kingdom,, 
though  it  is  not  so  widely  dilBosed  as  potasMum.     Its  great  storehouse  ia 
common  salt,  from  wluch  substance  most  of  IJie  soda  of  commerce  Is  obtained, 
if  tho  vegetable  kingdom,  so 
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sodium  is  tho  nlkalino  metal  of  tlie  animal  kingdom,  its  sails  teing  found  in 
all  aoiraal  fluida." 

603.  Proportieti . — Sodiam  ia  a  wliito  motal,  having  the  aspect  of 
silver.  It  resembles  potassium  in  its  properties,  but  does  not  osydate  so 
readily  as  polaaaium,  ajid  when  tlirown  upon  water,  does  not  iuflame,  unless 
the  water  liaa  l)Con  previously  healed.  Sodium  and  all  lla  sails,  when  ignited, 
communicate  to  flamo  a  rich  yellow  color;  tills  reaction  may  bo  illustrated 
by  holding  a  piece  of  soda  glass,  or  any  miooral  containiug  soda,  in  tlie  flauio 
of  a  blow-pipe. 

509.  Tlio  oompounda  of  sodium  have  miunly  the  some  composition  and 
propertiL'S  as  llioso  of  potassium. 

510.  Caustic  Soda,  or  the  Hydrate  of  Soda,  NaO,  HO,  is  prcpnrcd 
by  decomposing  carbonate  of  Boda  with  quick-lime,  in  tlie  same  manner  aj 
lias  been  already  described  for  caualjc  potaslL  Its  propeities  and  appearance 
are  also  e:cactly  ^milar  to  these  of  caustJo  potash. 

511.  Cliioride  of  Sodium,  WaCl — Commm  ^^oi(.—Tliis  important 
and  well-known  compound  ia  formed  when  sodium  is  burned  in  chlorine  gas, 
and  aiso  when  soda  or  its  carbonate  is  neutratizod  by  hydrochloric  acid. 

The  union  of  these  two  elements  is  attended  with  a  most  remarkable  con- 
densation of  volume.  Thus  21  parte  by  measure  of  common  saJt  contains  no 
less  tlian  25-8  parts  by  measure  of  sodium  (more  than  ita  own  bulk),  and  nn 
loss  than  30  parts  by  moasm^  of  liquid  chlorine]  or  in  other  words,  55-8 
parts  by  bulk  are  compressed  by  tho  action  of  Ihe  force  of  chemical  affinity 
into  24.  "  No  known  mechanica]  force,"  says  Faraday,  "  could  have  accom- 
pushed  this  result  ;*  and  it  is  also  strange  that  such  an  amount  of  condensa- 
lion — of  squeezing  together  of  atoms — should  be  co-existent  with  such  perfect 
Iransparoncy,  for  common  salt  is  even  more  transparent  than  glass,  aliownig 
a  certain  kind  of  rai"  '  '  '  '  '  '         t  hglit 

and  heal,"    (§  206. 

612.  Common  sa  nossos 

(rock-salt),  m  vari  'I'iio 

celebrated  mine  di  ik-salt 

which  ia  estimated  i  thu.n 

1200  feet  thick. 

Salt  also  exists  it , ^.^^ .-7  per 

cent,  which  amounts  to  nearly  4  oz.  per  gallon,  or  to  a  bushel  in  from  300 
to  350  gallons.  Salt  manufactured  from  nea-waler  by  solar  evaporation,  is 
ti?rmBd  "bay," or  "solar  salt."  The  evaporation  is  not  carried  to  dryness, 
but  when  tho  greater  part  of  tho  eliloride  of  sodium  is  deposited  in  crystals, 
*  Tbe  student,  In  this  comiecUon,  vIlL  dt>  well  lo  bear  In  mind,  that  i)hf  BlcEsti  are  ai>t 
yet  Tullf  agreed  as  to  vliether  a.  liquid  [i;  capable  of  any  reductioD  of  vulume  by  any  ap- 

QU«TH>NB.-.-Wllftt  are  ila  propcrLleaf    "WEiat  Is  CftusUc  soda?    What  ia  common  salt? 
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the  molher-liquor  13  drawn  off.  This,  which  from  its  bitter  tasto  ia  tech- 
nically termyd  tbe  "  bittoni,"  retaioa  most  of  the  oHier  salts  contained  in 
aea-water,  i.  e.,  the  compounds  of  magoesia,  lime,  bromine,  etc. 

Salt  ia  alao  manolactured  io  large  quantities,  especially  in  the  United 
State^  by  evaporating  the  water  of  saliue  springs.  From  thisBource  6,000,000 
btiahcls  were  tuonulocturcd  in  tiio  State  of  Hew  York  (principally  in  Onon- 
daga OoQQty)  and  3,500,000  bushels  in  the  Stat*  of  Tir^nia,  during  the  year 
ISSG.  The  water  of  tbe  Onondaga  salt-springa  contain  about  one  seventh  part 
of  dry  salt  The  estimated  amount  of  salt  manutactured  from  all  sources  in  the 
Ttnitad  Slates  durinj  the  year  185S,  was  upward  of  twelve  millions  of  bushels. 

The  appearance  of  salt  varies,  according  to  the  rate  at  which  evaporation 
ia  coDducteJ.  Wlien  boiled  down  rapidly,  it  forms  the  fine-grained  salt  uatd 
npon  our  tables ;  if  evaporated  more  slowly,  the  hard,  crjrstatlized  salt,  pre- 
fjrrod  Ibr  the  paoking  of  fish  and  inGa,t3,  is  obtained. 

Common  salt  crystallizes  in  cubes,  which  are  anbydrooa,  but  crackle  or  de- 
crepitate, when  heated,  from  the  water  meclianicallj  confined  between  their 
plates.  If  the  evaporation  of  the  solution  of  salt  takes  place  slowly,  the 
cubical  crystals  aro  lai^ ;  but  if  it  be  rapid,  they  are  small,  and  curiously- 
arrai^ed  in  what  ia  called  a  "  hopper-shaped"  ibrm.  Tlius,  let  us  suppose  a 
H-.nall  cubical  crystal  lias  formed  on  the  auriaee  of  the  solution,  Rxim  its 
greater  density,  the  crystal  has  a 


dency  to  fall  to  the  batlora  of  the 
Uc[iiid,  but  capillary  attraction  keeps 
(See  Fig.  ns.) 


Now  crystals  s 
joined  to  the  first  al 

the  first  littie  ei 


1  Ibrm,  which 
Lt  the  four  upper 
a  fi'ame  above 
[See  Fig.  179.) 
Aa  tiie  whole  descends  into  the  fiuid, 
new  eiyslaia  are  grouped  around  the 
first  frame,  constituting  a  second. 
(Fig.  180.)  Another  set,  added  in 
the  same  way,  ^ves  the  appearance 

qiience  of  this  saocessivo  arran^k 
mont  is,  tliat  the  crystals  are  group 
cd  into  hollow,  four-sided  pyrimid^ 
tlie  walls  of  which  liave  the  appeal 
a:ice  of  steps,  because  the  rons  <i! 
s.nall  oubio  crystals  retreat  franj  c^i.h 
otlier.     (See  Fig.  182.) 

Common  salt  ia  equally  soluble  in  hot 
dissolve  37  parts  of  it;  so  that  a  saturated  soliiti 


HnjtcdbyGoOglc 


336  INORGANIC     CnEMISTRY, 

brine,  contains  3J  per  cent.  It  is  an  esaential  conafjtucnt  of  the  food  of  both 
man  and  animals,  who  languish  if  it  be  supplied  in  insuffitient  quantilits.* 

S13.  Sulphate  uf  Soda,  N  aU,Sti3  +  1  OHli. — This  compound 
ia  popularly  known  as  "  Glauber  salts,"  ftora  ils  diatoverer,  Glauber.  It  has  a 
saline,  bitter  taato,  and  is  occasionally  usoii  in  meiiicine  as  a  purgative.  It  is 
found  naturally  as  a  mineral,  and  occurs  also  in  sea-water,  and  in  many  min- 
eral springs  i  it  ia  generally  prepared,  however,  by  deoomposing  common  salt 
with  sulphuric  add,  as  in  the  prot-ess  for  preparing  hydrochloric  acid. 

Glauber  salts  possess  the  peculiar  property  of  being  more  readily  solublo 
in  water  at  90°  F.  tlian  in  water  at  a  higher,  or  at  a  boiling  temperature.  It 
crystallizes  readily  from  a  saturali^d  solution  in  long  four-sided  prisms,  which 
contain  more  than  half  their  weight  of  wat^r;  exposed  lo  air,  this  water  gra- 
dually evaporalfis,  and  the  clystals  crumble  to  a  fine  powder — effloresce.  A 
very  interesting  experiment  may  be  performed  by  dosing  hermetically  a  flask 
contdning  a  boiling  saturated  solution  of  this  salt ;  in  this  condition,  the  so- 
lution may  be  kept  for  montlis  witliout  crystallizing,  but  tho  moment  air  is 
admitted,  tho  whole  becomes  a  semi- solid  mass  of  crystals. 

514.  Corbonate  of  Soda,  ^ll{i,l{h+iril{\.  —  Sal-Soda, 
&da-Ash. — The  preparation  of  this  salt  constitutes  one 
of  the  most  important  branches  of  chemical  maimfacture  ; 
immense  quantities  of  it  being  consumed  in  the  produc- 
tion of  glass,  in  the  fabricatioa  of  soap,  in  the  operationa 
of  bleaching,  and  in  the  prejiaration  of  the  salts  of  soda. 

The  material  from  which  carbonate  of  soda  is  now  manufactured,  is  com- 
mon salt,  and  the  details  of  the  process  aro  essentially  as  follows :  a  charge 
of  GOO  lbs,  of  salt  is  placed  upon  the  hearth  of  a  well-heated  reverberalory 
furnace,!  ^""^  ^^  equal  weight  of  strong  sulphuric  acid  ia  poured  upon  it 


■od  the  foulinued  use  of  vegetable  f«id  creates  u  painful  a  longlcig  fur  It.  that  no  > 

tlnies.    The  eipIanBlion  of  this  ia,  that  the  bloofl  mnlalns  b  very  large  periKntag 

of  the  body.    Etlnt  the  supply  of  aalt.  therefore,  and  neither  will  the  bile  be  able  ptoj 
to  aaalst  the  digestion,  or  ttie  carmagea  ta  promptly  repair  tlinir  vasU. — Johnson. 

that  the  heating  is  effected,  not  by  the  fuel  ilsolf.  but  by  the  flame  psflslng  from  the 
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throngli  an  opening  iu  the  roof  of  tliu  furnace.  Hyiliwiilorio  add  is  distn- 
gaged,  wliich  is  uaually  allowt'd  to  tsuape  up  tiie  cliimnoy  {§  360),  and  tlie 
salt  is  converted  into  sulpliate  of  soda.  Tlib  operation  is  completed  in  atiouc 
fuur  honrg,  and  requires  mucli  care  aud  skill 

The  sulphate  thus  formed  is  next  reduced  to  powder,  and  mixed  with  an 
equal  weight  of  chaJk  or  limealoDe  (carbonate  of  lime),  and  lialf  as  much  fino 
coal.  The  misture  is  then  heated  to  fuaon,  with  constant  stirring,  about  200 
lbs.  being  operated  on  at  once.  By  this  treatment  double  deeompositioo  ia 
effected,  tbe  sulphate  of  soda  being  converted  into  carbonate  of  Hoda,  and 
tlie  carbonate  of  lime  inlfl  aulphuret  <rf  calcium.  The  mass,  when  cold,  is 
treated  with  water,  the  carbonate  of  soda  dissolved  out^  and  the  Eolution 
subsequently  evaporated  to  dryness.  The  product  constitutes  the  eoda-iisli 
or  British  alkali  of  commerce  (anhydrous  carbonate  of  soda),  and  when  of 
good  quality  contains  from  43  to  52  per  cent,  of  pure  soda* 


Ume  unno  ced  and  t  wm  n 

n  1  q  0  h»    a  7  811      B  fu    trial  va  made  ifltb  It  In 

England.    Previous  lo  ti™,  n 

weds,  *hlch»ere  sold  iati 

market  under  Uie  names  of  Spaniidi  bsrilla  and  kelp;  Iho 

former  being  pivdoced  on  Ui 

ooasls  of  FraiHi  »nd  Spain,  and  tha  latter  chleflj  on  tho 

court  of  StoUaod.     O^lyian, 

on  alkali.    Thfl  liarilla  conta 

nedaHontlSpereent-.aiia  was  sold  for  about  ^  per  ton  [ 

and  tha  kelp  only  5  or  «  per 

enl..  and  iras  wortK  129  per  ton.    It  Is  obHona,  therefor, , 

aterlal.  and  in  Itie  other  33  parU :  we  ear  wortblen,  becanao 

n  of  soap  or  glass.    It  would  Beem,  therefore,  tliat  the  tolro- 

ducllod  of  *  Btroiigand  ehes 

mnufacturers  found  it  eilrenieir  diUeull  to  d 
QDmiox.— What  ia  evd  of  tbc  hisloTy  an 
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516.  Bl-Carbonalc  of  Sodii,  NiLO,Hfl,  3C0,,  is  oUalned  b^ 
pasaiig  carbonic  acid  gaa  into  a  solutJon  of  carboaoto  of  soda,  or  by  exposing 
soda  aali  to  tiie  carbonic  acid  generated  from  fbrmeaCing  gr^n,  as  in  distillor- 
ies,  etc     This  Bait  is  often  sold  under  the  name  of  "aoda  saleratus," 

6Ii3.  1 1 1(  ii  I  i  m  e  t  r  y  .—As  the  purity  and  value  of  tbe  commercial  car- 
bonates of  patash  and  soda  differ  greatly,  it  becomes  important  to  tlio  buyer 
and  the  nianulacturer  to  be  ubta  Ixi  determine  rapidly  and  occu- 
Pio.  184.  patoiy  the  quantity  of  avaiiable  alliali  in  a  given  sample.  This 
operation,  termed  alkalimetry,  consists  in  ascortatning  how  mudi 
dUuta  sulphuric  acid  of  a  standard  strength  is  required  to  neutralize 
exactly  a  known  weight  of  a  particular  specimen.  A  good  article 
will  require  more  acid  than  a  poor  one ;  consequently,  tlie  amount 
of  alkali  present  may  be  estimated  from  the  quantity  of  acid  con- 
sumed. In  practical  operations,  on  instrunaeDt  called  an  alkali- 
meter  is  employed.  Tbis  conaisfa  of  a  graduated  glass  cylinder,  or 
tube,  divided  into  degrees  (graduated)— Fig.  184) — in  which  Ih 
acid  used  is  measured  instead  of  being  weighed.  For  this  purpose 
a  test  add  must  be  prepared,  of  such  a  strength  that  one  degree 
of  it  will  exactly  neutralize  one  grain  of  pure  alkaU  (potash,  or 
soda).  The  number  of  degrees  tlicn  consumed  in  neutrahzing  the 
alkaline  properties  of  a  known  weight  of  a  sample,  in  solution,  will 
indicate  at  once,  in  per  cents.,  the  quantity  of  pure  alkali  in  tbo  ar- 
ticle tested. 

517.  Kilrate  of  Soda,  Soda-SaUpeler,   Cabk  NUer.'SaO, 

NOs,  is  a  native  product,  occurrii^  in  great  quantities  in  Peru  and 

Chill,  S.  A.     It  resembles  nitrato  of  potash  in  its  properties,  but 

can  not  be  used  in  the  manufacture  of  gunpowder,  as  it  freely  ab- 

^^        sorbs  moisture  from  the  atmosphere.     It  is  used,  however,  exten- 

ensively  in  the  mauuiketuro  of  nitric  acid,  and  to  some  extent  in  agriculture, 

IS  a  fertilizer. 


Knd  barillB.    When,  however,  the  aoaa-mh  was  ones  intioducea.  It  bo  nj 

application  la  tbe  manuAictiire  of  glaiis  i  and  Ihe  buslosB  of  niannfocturin 
■KHBed  BO  fast,  that  In  1S3T.  mvenleeu  jetn  after  tbe  eBtaMisliment  of  the 


pwsrdi 

of  300,000.     The  saving  to  tbe  English  nation 

Int 

Tomthe 

nlroduolion  of  Lcblinc's  process,  taking  IE 

ha 

kelp  and  3  of  barfflal,  was  estimated  in  1S+J 
nnuni:  while  the  benetil  fei  the  world  at  lar 

-.. 

have  been  redowd  eo  low.  that  the  poorest 

Jen 
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SECTION     III. 

EquivaiBnt,  &     Synihol,  L. 

518.  This  rare  metal  forms  the  basis  of  the  third  alkali, 
lithia,  and  resembles  sodium  in  appearance  and  properties. 
The  alkali,  lithia  (oxyd  of  lithium),  occurs  in  small  quan- 
tities in  a  few  varieties  of  minerals,  and  is  rarely  mot  with. 

SECTI02T    IV. 

Equivalenl,  18.     Symhil,  SIIi. 

519.  The  alkali  ammonia  so  closely  resembles  potassa 
and  soda  in  its  properties  and  in  its  salts,  that  chemists  at 
the  present  time  generally  regard  it  as  the  oxyd  of  a  com- 
pound metal,  as  the  other  alkalies  are  oxyds  of  simple 
metals.  The  name  applied  to  this  hypothetical  metal  is 
Ammonium,  its  composition  being  1  atom  of  nitrogen,  and 
4  atoms  of  hydrogen. 

All  atCompts  ia  isolate  ttiis  eubstance  bave  faJlGd,  from  its  tendoncj  to  Rnp- 
arate  itilo  ammcQia  and  hydrogen  gas.  It  can  be  apparently  obtained,  how- 
ever, in  combinatLon  with  mercury.  Tliia  fact  may  be  easily  illustrated  by 
tiie  following  espariment : — A  little  morcuij  is  put  into  a  test-tut>e,  with  a 
grain  or  two  of  potasaum  or  sodium  ;*  on  the  application  of  moderate  heat, 
over  a  spirit-lamp,  combmation  ensuoa,  with  an  evolution  of  heat  and  light. 
"Wtien  cold,  the  flnid  amalgam  ia  put  into  a  little  porcelain  cap,  and  eovererl 
witb  a  strong  solution  of  sal-ammoniao  (chloride  of  ammonium).  A  double 
decompoattion  immedial«ly  ensues :  the  chlorine  and  sodium  unite  to  form  com- 
mon salt,  while  tlio  mercury  at  the  same  time  commences  to  increase  in  bulk, 
and  ultimately  swells  up  until  it  acquires  eight  or  ten  times  it9  original  vo- 
lume, assuming  a  pasty  coasistenco,  without  lo^g  its  metallic  luster.  Tho 
new  substance,  exposed  to  a  temperature  of  0"  F.,  crystallizes  in  cubes,  but 
ifleft  to  itself  is  quickly  decomposed,  at  ordinary  temperatures,  into  fluid  mer- 
cury, ammonia,  and  hydrogen.  Now  it  is  evident  that  the  mercuiy  has  com- 
bined with  something;  but  in  no  caso  where  mercury  or  any  other  metal 
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combines  witii  &  non-metallic  Bubsfcinoe,  is  ther:  ever  a  retention  of  met-jlli) 
properties  alter  combination,  aa  in  tliia  instancp;  tlierefore,  tlie  inference  is, 
that  the  Bubatance  wliich  baa  entered  inlo  combination  with  the  mercwy  is  a 
metat — ammonium. 

The  fact  that  a  compound  body — cyain^ti — is  generated  from  carbon  and 
nitrt^n,  which  comporla  itseli  in  every  respect  lilcu  tlio  non-metallic  element 
chlorine,  removes  every  difficulty  in  the  way  of  our  conceiving  that  a  com- 
pound may  aJso  be  formed  fi^m  nitrogun  and  hydrogen,  which  may  have  tho 
properties  of  a,  metal 

According  to  the  ammonium  theory,  all  tlie  sftlta  of  ammonia  are  derived 
from  this  radical,  and  correspond  m  constitution  to  tne  salts  of  the  eimple 
metals. 

530.  Chloride  of  Ammonium,  HH^  CI .— Sal-Ammottiae.-Thia 
Buliatanee,  which  ia  a  compound  of  ammonima  and  clilorine,  is  the  moat  im- 
portant of  all  the  salts  of  ammonium,  and  occurs  naturally  as  a  volcanic  pro- 
duct It  was  formerly  imported  from  Egypt,  aa  a  product  of  distillation  from 
dried  camel's  dung,  and  from  its  having  been  ori^nally  procured  from  a  dis- 
trict in  Northern  Africa,  near  the  temple  of  Jupiter  Amnion,  the  name  am- 
monia originated.  It  is  now,  however,  manufactured  in  lai^  quantities,  (torn 
the  ammoniacal  liquors  formed  in  the  manufacture  of  coal-gas,  and  from  the 
condensed  products  of  the  distillatioii  ofbonca  and  other  animal  refuse,  in  the 
preparation  of  animal  charcoal.  These  are  first  treated  with  hydrochloric  add, 
and  the  resulting  liquors  evaporated  to  dryness.  The  re^dae  is  then  subjected 
to  heat  in  iron  vessels,  when  the  chloride  of  ammonium  volatilizes  ia  dense 
white  fames,  wbich  condense,  on  cnohng,  into  white,  semi-transparent,  fibrous 
masses,  the  sidanunoniao  of  commerce. 

Sal-ammoniac  has  a  sharp,  acrid  taste,  corrodes  metals  powerfully,  and  Is 
readily  soluble  in  water.  It  does  not,  however,  poaaess  the  characteristic  odor 
of  ammonia.  It  constitutes  the  seurco  from  whence  most  of  the  salts  of  am- 
monia are  prepared. 

521.  Ammonia,  NHjO  —  Fotoiite  Aifarfi,  flartoAwn— This  alkali  exiats 
in  the  atmosphere,  in  the  juices  of  certain  plants,  m  (layiy  and  peaty  soils, 
and  is  freely  evolved,  in  combination,  from  tho  craters  of  volcinoea. 

522.  Preparati  on. — Ammonia  can  ntt,  under  ordinary  i.  rcumafanccs, 
be  farmed  by  tlie  direct  union  of  its  elements.  A  aenea  ol  ilottnc  sparks, 
however,  passed  throi^h  a  mixture  of  hydrogen  ana  mtrogen,  will  ailer  a 
tune,  generate  a  limited  quantity  of  it.  The  production  of  ammonia,  on  tho 
contrary,  by  the  indirect  combination  of  hydn^n  and  nitrogen  is  a  rarcum- 
Btanoe  of  continual  occurrence.  It  espcciallv  takes  place  dunng  the  spon- 
taneous deeompoation  of  animal  and  veg  table  aubatauLes  «hich  contain 
hydrt^en  and  nitrogen,  and  in  almost  cn-rj   process  of  ojtydation  in  the 
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presence  of  moistare  i  in  the  latter  case,  the  hydn^n,  at  tlio  moment  of 
liberation  (in  a  naaecnt  state)  from  the  water  by  dooiydation,  ontera  into 
combination  with  the  mtrc^ii  of  the  atmosphere. 

623.  Ammonia  is  usually  obtained  by  subjecting  a  misturo  of  quick-lime 
and  sal-ammoniac  to  a  gentle  heat  ii 
poses  tbe  chloride  of  ammonium,  foi 
free  ammonia,  which  latter  escapes 
miKture  slowly  evolves  ammo- 
nia at  ordinary  temperatures, 
and  is  sometimes  used  for  the 
filling  of  smell  in  g-bott'ca.    Por 
experimental  purposes,  ammo- 
niacal  gas  is  beat  prepared  by 
heating   a  strong  solution  of 

coilecting  the  evolved  gasover 
mercury,  or  by  displacement, 
Hs  ia  roprcsenlfld  in  ITg.  185. 
When  collected  by  displace- 
ment^ tbo  gas  must  be  allowed 


piece  of  reddened  litmos  paper 
held   to   tlie  mouth  is   imme- 
diately turned  blue.     The  tuljc  is  then  withdrawn,  and  the  stopper,  shghtly 
greased,  is  inserted. 

524.  Propertie.; . — Ammonia  thus  produced  is  a  gas,  which  is  oaaly 
condensed  to  a  liquid  by  a  reduction  of  teinperaturo  ( — iO°  F.)  or  by  pres- 
sure. It  haa  en  extrejiely  pungent  smell,  and  instantly  kills  an  animal  im- 
mersed in  it ;  but  when  lately  diluted  with  air,  it  is  an  i^;reeable  stimulant. 
From  the  fact  that  ammonia  was  formerly  prepared  by  distilling  the  horns 
of  dcers  and  haria,  it  is  often  popularly  called  "  hartahoru." 

Ammonia  does  not  support  tlie  flame  of  burning  bodiea,  hut  is  sightly 
combustible.  A  jet  of.gas  directed  across  the  stream  of  hot  air  issuing  from 
a  ligiited  Argand  lamp  bums  with  a  pale  green  fiame.  It  acts  strongly  as  no 
alkali,  turning  vegetable-blues  green,  restoring  the  bluo  color  .of  reddened 
litmus,  and  neutralizii^  the  most  powerful  acids.  The  change,  however,  of 
vegelable  colors  produced  by  ammonia,  owing  to  its  great  volatility,  Is  not 
permanent ;  but  the  vegetable  aulffllances  regain  Uieir  colors  after  a  time  by 
ciposuro  to  the  tur,  which  is  not  the  ease  when  the  change  ia  effected  by  iJia 
li.tcd  alkaliea.     Ammonia  is  therefore  oRen  cilled  tl  e  '  voloiite  alkaii." 

Any  volatile  or  gaseous  acid  brought  ii  to  an  atmosphere  containing  am- 
monia, produces  a  white  cloud  from  the  fonnat  on  of  a  Eolid  salt  This 
property  is  oilcn  employed  to  d"te't  the  [.reseace  of  ammonia  in  quantities 


Qnra: 


jiedmeEi  called  bartsliorD 
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imall  to  be  rocognizod  by  thoir  odor.    Tho  reaction  may  be  illustrated  by 
Frn  !8fi  bringing  a  rod  of  glaas,  or  a  atrip  of  wood  moist- 

ened wiWi  dilute  liydroi^Morio  acid,  near  to  a  voaael 
«  CTolviug  ammonia;— cliloride  of  am- 
ig  formed.  (See  Fig.  18S.) 
W  atcr  dissolves  ammonLacal  ga"!  in  hnre  quan- 
titie>i,  and  with  great  rapidity  — nittr  at  50=  F. 
absorbing  about  610  tjmea  ita  volume  When  a 
piece  of  ice  la  introduced  into  a  jar  of  gas  standing 
over  tncrcurj,  it  instantly  liqueflca,  aai  bv  condensing  the  gas  forms  a 
vacuum.  The  almost  instantaneous  absorption  of  this  gas  by  water  maj  bo  also 
illustrated  by  closely  fitting  a  perforateil  cork  and  tube 
into  the  mouth  of  a  jar  containing  ammonia,  and  in  ^10  ISI 

verting  the  jar  in  a  vessel  of  water     (bee  Fig  ; 
The  first  portitm  of  water  tliat  enter  the  jir  abwrb 
the  gas  so  rapiJly,  that  a  vacuum  is  created,  and  a 
miniiiture  fountain  produced. 

525.  Sol  at  ion  of  Ammonia — The  aqueous  «j 
solution  of  ammonia,  known  as  aqun  ammonia  hqmd  1 
ammonia,  etc,  is  a  reagent  much  used  in  pharr 
and  chemistry.  It  is  a  colorless,  transpannt  hquil,  and 
bus  all  the  pungent  and  alkahno  properties  of  tht  gas. 
When  applied  to  the  akin  in  a  concenfraled  form,  it  i  li.'Jters  it,  and  lo  hcnca 
often  termed  caustic  ammonia.  Exposed  to  tho  air  ammonia  escapes  from 
it,  and  heat  disengages  it  abundantly 

626.  There  are  several  carbonalfs  of  ammonia  Tlie  ordinary  »oi  volatile 
of  the  shops,  which  constitutes  the  basis  of  the  well  known  smelhng-salts," 
is  a  aesqui  carbonate  of  ammonia,  2NHjO,  SCCh.  It  is  a  white  solid,  highly 
volatile,  and  when  exposed  to  tho  lur  absorbs  carbonic  acid,  and  becomes 
converted  intfl  an  inodorous  bi-carbonate.  This  salt  is  frequently  used  by 
bakers  in  tiic  place  of  yeast,  for  raising  bread,  cake,  etc. — heat  converUng  it 
into  gas,  which,  escaping  from  the  dough,  renders  it  light  and  porous. 

52T.  llydroKUlphuret  of  Ammonia,  Sulphide  of  Am- 
maniuni,  JfHj,  S  +  HS . — This  reagent,  which  is  eitenavely  employed 
in  chemical  finaly^s,  is  formed  by  transmitting  sulphuretted  hydrogen  throi^h 
a  solution  of  ammonia  to  saturation.  The  solution  thus  prepared  sho  Id  be 
kept  cold  and  in  closed  glass  bottles. 

628,    General   Propertieii  of   the    Alkalies— The   alkal   a 

are  the  strongest  bases  known  in  chemistry.     They  aro  alt  solal  lo   n  w  te 

have  alkahno  properties  in  the  most  marked  degree,  and  exert  a  causli    a  d 

decomposing  action  upon  organic  substances. 

Most  of  tho  saJts  which  tiie  alkalies  form  with  acids  are  solull         wat  r 

QuEBTioBS.— Wbat  la  raid  of  the  abaorption  of  ani»ionfa  bj-waler'    IIO"  may  this  be 

bonaleofammonfar    Whal  I.  hydroealpliiirct  of  ammopia  t    What  are  tboeeaerslprop- 
■rUeaoftlieiLllEalieB?    Wbat  is  laid  of  Uicir  salts  t 
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it  is  much  uaod  in  olieraioil  analysia  as  a  test  for  the  prescnoo  of  sulphuria 
odd  in  solution — which  unites  with  barj-ta  to  form  a  white,   ineoluble  sul- 

531.  Slronlium.— £2MiVaZeni,  44/  symhol,  Sr. — Stron- 
tium 18  a  white  metal,  greatly  resembling  barium. 

Its  oxyd,  strantia,  occurs  in  nature  as  a  carbonate  (tlie  minera],  sironiiaiiii^ 
anil  more  abundtmtly  as  a  aulpbate  {ceUslmej.  Tho  most  remarkable  charac- 
loAsdo  of  the  atrontia  salta,  is  tliat  of  communicating  a  magnificent  crimson 
tiut  to  the  flamo  of  burning  substances.  The  red  fires  of  the  pyrotechnists 
are  composed  of  nitrate  of  strontia,  chlorate  of  potash,  sulphur,  and  antlmonj'. 
This  reaction  may  bo  illustrated  by  inflamiog  a  little  alcohol,  in  which  cbh>- 
ride  of  strontium  has  been  dissolved. 


F^iivalenl,  20.  Symbol,  Ca. 
C32.  Calcium  is  a  light,  yellow  metal,  of  the  color  of 
gold  alloyed  with  silver.  It  ia  very  malleable,  and  can  bo 
hammered  into  Ifaves  as  thin  as  writing -[)aper.  It  melta 
at  a  red  heat,  and  oxydizes  in  the  air  at  ordinary  temper- 
atures. In  combination,  as  lime,  it  forms  one  of  the  most 
abundant  and  important  constituents  of  the  crust  of  the 
globe. 

533.  Lime,  C  a  0  i — Oxyd  of  Caldum. — Lime  is  obtaioed  ia  a  state  of 
purity  by  heating  pure  oarWuato  of  lime  (calcareous  spar)  ia  an  open  crucible, 
for  some  hours,  to  full  redness;  tlie  carbonic  acid  is  driven  off  by  the  heat, 
and  the  lima  remfuns.  For  commerdal  purposes,  it  is  prepared  by  heating 
<'Ommon  limestone,  which  is  an  impure  carbonate  of  lime,  in  a  stone  kila  or 
furnace,  the  interior  of  which  is  somewliat  in  the  form  of  a  hogsliead,  and  is 
filled  with  alternate  layers  of  limestone  and  fuel  The  lime,  as  it  ia  burned, 
gradually  sialis  down,  and  is  removed  by  openings  at  the  base  of  the  furnace, 
while  fixah  supplies  of  fuel  and  hmeslone  arc  supphed  at  tho  top.  In  tliia 
way  the  furnace  may  be  kept  in  action  for  a  great  lengtli  of  time  without  in- 
terruption. 

534.  Properties  .—Lime  as  thus  prepared  is  termed  "  quioliUmo,"  or 
caustic  hme,  and  in  a  state  of  purity  has  roasted  all  attempts  to  fuse  it. 
When  water  is  poured  upon  quicklime,  it  aweUs  up,  and  enters  into  combina- 
tion with  the  water,  forming  hydrate  of  lime,  or  slacked  lime.  If  the  propor- 
tion of  water  is  about  half  tho  weight  of  tho  lime  employed,  alight,  dry  pow- 
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SeT  ia  formed,  aeeonipanied  with  a  poworilil  evolution  of  lioat — sufficient  to 
occaaion  tlio  ignition  of  irood.  The  hydrate  which  la  thus  formed  is  a  definite 
compound  of  1  equivalent  of  Ume  with  1  equivalent  of  water.  Lime,  also, 
whoa  exposed  to  the  air,  alowl/  attracCa  both  water  and  caiboaic  acid,  and 
crumbles  to  wtiita  powder — "ajr-slaclied  lime." 

Lime  ia  aoluble  in  about  100  porta  of  water,  forming  what  is  called  "  limo- 
water."  It  ia  more  aolubla  in  cold  than  in  hot  water,  the  latter  diasolviiig 
only  half  aa  much  as  the  former.  Ijmo-water  is  characterized  by  a  nauacoua 
taste,  and  decided  alkaline  properties.  It  restores  the  bine  of  reddened  lit- 
mus, and  changes  the  blue  infusion  of  cabbago  Ui  green.  Expoaed  to  the  air, 
it  gradually  absorbs  carbonic  acid ;  a  pellicle  of  carbonate  of  lime  forms  upon 
its  Burfaco,  which,  if  broken,  is  succeeded  by  another  pellicle,  until  the  wholo 
of  the  limo  ia  B0j)arat3d  from  the  solution,  in  the  form  of  an  inaolublo  car- 
Lime  dilfnsed  through  water  forms  mfift  or  cream  of  lime. 
Quieklimo  exerts  a  corrosive  and  destructive  action  upon  the  skin,  nails, 
and  hair,  and  upon  some  veget»ble  substances.  Advantage  is  taken  of  lliis 
property  to  remove  the  hair  from  hides,  preparatory  to  tanning,  by  immersinit 
them  in  milk  of  lime.* 

Lime  is  also  largely  employed  as  a  manure,  and  is  particularly  valuable 
upon  very  rich  vegetable  soils,  such  as  tlioao  formod  from  reclaimed  peat-bogs ; 
Its  effocta  in  these  cases  ar  e  due  to  tho  decomposition  of  the  oi^nic  matter, 
which  it  renders  solub'e  and  capable  of  assimilation,  by  plants.  Limo  formed 
Oxim  limestone,  which  contains  much  magnesia,  ia  unsuited  for  agricultural 
purposes.  Lime  shou'd  not  bo  mixed  with  manures  in  the  atate  of  decom- 
po^tion,  since  it  liberates  the  ammoma  contained  in  them,  and  impajra  their 
value  aa  fertiliaera, 

5S5.  HortarN  and  CcmentB , — Tho  most  Important  practical  appli- 
cation of  limo  is  for  tho  manufacture  of  mortars  and  cements.  Pure  lime, 
when  made  into  a  paate  with  water,  iarms  a  nimewhat  plastic  mass,  which 
sets  into  a  solid  as  it  dries,  but  gradually  cracks  and  fills  to  pieces.  It  does 
not  possess  sufficient  cohesion  to  be  used  alone  as  mortar.  To  remedy  this 
defect,  and  to  prevent  tho  shrinkage  of  tho  mass,  tlio  addition  of  sand  is  found 
to  be  necessary. 

The  proportions  of  lime  and  sand  in  good  mortar,  vary ;  tho  amount  of 

•  Aeeordtng  Ir)  Dr.  Jobn  Dsvj-,  of  Englsnd,  tho  opinion  popularly  entertained,  Ihnt 
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sand,  however,  alpays  exceeding  tiiat  of  lime,  and  generally  in  tlio  proportion 
of  4  to  1.  Tho  more  sand  that  cau  be  mcorporaled  with  the  lime  the  better, 
provided  the  necessary  degree  of  plasticity  Is  preserved.  Tliat  sand  is  most 
suitable  for  mortar  which  is  wliollj  silicioua,  and  whoss  particles  are  sharp,  or 
not  rounded  by  attrition. 

The  cause  irf  the  hardening  of  mortar  m  not  thoroughly  understood  ;  the 
espkinalaon  generally  given  ia,  that  tho  water  gradually  evaporates,  anii  tho 
lime,  by  a  Eort  of  crystal Usation,  adheres  1o  the  particles  of  sand,  and  imitos 
them  together.  A  portion  of  tha  lime,  also,  by  absorption  of  carbonic  acid 
from  the  air,  ia  gradually  converted  into  carbonate  of  lime.  In  the  course  of 
time,  also,  a  chemical  combination  takes  place  between  the  silica  of  the  sand 
and  the  lime,  forming  a  compound  of  silicate  and  hydrate  of  lime,  which  pos- 
soESea  great  bardncas.  Tliis  reaction  explains  the  remarkable  hardncsa  olton 
obaerved  in  the  mortar  of  old  buildings. 

It  is  an  advantage  to  moisten  brioka  and  stones  before  applying  mortar  to 
them,  in  order  that  they  may  not  absorb  water  from  the  mortar,  and  thus 
cause  it  to  set  too  rapidly.  Tho  completeness  of  the  hardening  of  morlar,  de- 
pends upon  a  thorough  intermixture  of  tho  Jime  and  the  sand. 

636.  Hydraulic  Cements  —Ordinary  mortar,  when  placed  in  water, 
gradually  aoftons  and  diMntogratos,  while  the  lime  dissolves  away ;  it  can  not, 
therefore,  be  used  for  suboquooua  constructions.  Some  limestones,  however, 
whioli  contain  ahout  20  per  cent,  of  clay  (silicate  of  alumina),  afford  lime 
■which  poascssea  tlio  property  of  liardcning  under  water.  Such  limes  aro 
known  as  hydraulic  limes,  or  cements,  aiMi  may  be  artificially  imitated  by  mix- 
ing with  ordinary  lime  a  due  proportion  of  clay  not  too  strongly  burnt.* 

Concrete  is  a  mixture  of  hydraulic  limo  with  smill  pebbles,  coarsely 

637.  Carbonate  of  Lime,  C a 0 , C 0,.— This  substance  is  one  of 
the  most  abundantly  diffused  compounds  in  natnre.  In  its  amorphous  condi- 
tion it  forms  the  diflerent  varieties  of  limestone,  chalk,  and  calcareous  marl ; 
it  is  also  tho  principal  constituent  of  corals  and  shelln,  and  enters,  to  some  ex- 
tent, into  tlio  composition  of  the  bones  of  animals. 

The  term  limestone  is  applied  to  those  stones  which  contain  at  least  half 
their  weight  of  carbonate  of  lime ;  and  according  to  the  other  prevailing  in- 
gredients, a  limestone  may  be  ar^Uaceous  (clayey),  m^nesian,  ferru^noua 
(contiuning  iron),  hituminoua,  fietid,  etc. 

•  The  rspl^ty  irtth  irbicli  dilTereDt  kinds  of  hydrsultc  limna  spt,  Taries  irith  thf  Ir  com- 
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Carbonate  of  limo  ia  folmd  in  a  greater  variety  of 
crjstaJlino  forms  than  any  other  known  substance. 
Its  primary  Ibrm  ia  e,  rliomboliedron,  as  seen  in  double 
rofracUns,  or  IcelMdspar  (see  Fig.  187);  but  of  this       ,  /\     J 

figure  oTer  650  modilicatiotia  are  Itnown  to  mineral-     /         /  \  / 
ogists.    Ciirbonate  of  lime  also  crystallizes  in  another   / 
primary  form,  that  of  six-sided  prisms,  a; 
ei-al  aragonile. 

538.  Carbonate  of  lime  dissolves  in  pure  water  to  the  extent  of  about  two 
gr^os  to  Uio  gallon,  but  in  water  charged  with  carbonic  acid  it  ia  taken  up 
freely,  and  again  deposited  aa  the  gaa  escapes — often  in  anhydrous  crystals. 
It  is  in  this  way  that  tha  enormoua  rock  masses  of  crystalline  earbouate  of 
lime  are  supposed  lo  have  beou  formed.  This  action,  which  has  been  before 
alluded  to,  (§  434),  ia  beautifully  illustrated  ia  the  formation  of  stalactites 
and  alalagmitoa  in  cavema.  Water  chiUBed  with  carbonic  acid  and  car- 
bonate of  lime,  tUls  in  drops  from  the  roof  of  the  cavern ;  bu^  each  drop 
before  fallmg  remans  suapended  for  a  IJme,  during  which  a  part  of  the  car- 
bonic acid  escapes,  and  a  minute  portion  of  carbonate  of  June  ia  left  behind. 
It  also  deposils  another  minute  portion  of  cakareons  matter  on  tho  spot 
upon  wliich  it  Mia,  and  as  the  dropa  are  formed  nearly  on  tho  same  spot  for 
years  together,  a  dependent  mass  like  an  icicle  ia  formed  from  the  roof— tbo 
atalactite ;  while  another  incrustation  gradually  rises  up  from  tho  floor  beneath 
it — the  stalagmite.  In  the  process  of  time  the  two  may  meet  and  form  a 
continuous  column.     (See  Pig.  18S.) 

539.  Building  Materials . — Carbonate  of  limo  is  a  material  amch 
used  iu  architecture  and  building,  but  all  its  varieties  are  not  equally  valuable 
far  thia  purpose.  Those  varieties  of  marble  which  exhibit  \aige  crystals,  or 
font»n  disseminated  throughout  their  mass  crystals  of  sulphuret  of  iron,  have 
comparatively  iiitle  strength,  and  are  liable  to  disint^ration.  The  stone  of 
which  tho  Washington  Monument  at  Washington  is  constructed,  ia  an  ex- 
ample. On  the  other  hand,  very  liue-^Tiined  poroua  limestones,  and  also 
those  varieties  of  porous  sandstones  wliich  are  termed  free-stones,  are  ill- 
adapted  for  the  external  portions  of  buildings,  since  tliey  are  liable  U>  split 
into  flakea  ailer  a  few  years'  exposure  to  the  weather.  This  generally  arises 
from  the  absorption  of  water,  and  ita  expanaion  by  Heezing  in  the  interior 
of  the  atone  during  winter.  A  simple  and  ingenious  method  of  asoertming 
whether  a  stone  ia  liable  to  this  defect,  is  to  thoroughly  soak  a  smoothly-cut 
block,  one  or  two  inches  on  a  side.  In  a  solution  of  sulphate  of  soda.  On 
subsequently  drying  the  block  in  the  air,  the  sulphate  of  soda  crystaUizea  in 

QnEBTioBS.— WhatismarHet  What  is  said  of  crrstalllzed  carbonate  of  lime?  What 
is  tile  Huppoeed  orl^n  of  Btyetim^M  carbonate  of  lime  ?  What  are  EtalfKllt«3  and  Etalajt- 
mltfst    Eiplsin  their  rormaUon  ■    What  is  said  of  tha  adaptability  of  carbonate  of  lime 

durshllltf  of  fl  Btonc  be  tested  f 
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;riil,  and  tends  to  split  off  fi-agmeota  from  ila  emfaco, 
I  tlia  stone  o.iposcs  to  ting  action  allords  a  basis  for  es 


540  "Snlphate  Of  Lime  C  a  0  ,  S  0^  —  Gm-^^m —Vim  =alt,  as 
commonly  mot  with,  is  a  hydr  ite— TaO,  Sn,+2H0— and  occurs  abvindacUy 
ill  nature.  In  transpftreot  plates .  it  is  termed  "  selenite,"  but  in  a  fibrous, 
granular,  compact,  or  earthy  form  it  constitulea  the  different  varieties  of  gyp- 
sum and  alabaster.  Wheu  ground  to  a  tlno  powder,  it  is  known  in  the 
arts  as  "  Plaster  of  Paris,"  from  the  circumstance  of  the  mineral  being  es- 
tenavely  found  in  the  vicinity  of  the  French  eajiital. 

GjTisum  is  oxtcnsivoly  uaod  in  agriculturo  as  a  manure  ;  but  its  most  re- 
markable property,  and  the  one  for  which  it  is  the  most  valued,  is  the  power 


tilile  to  fo 


iiDd,  nad  observing  the  condiUon  of  111 
imple,  If  the  rock  be  •  gnnlte,  nnd  II 


owing  is  the  eompamllve  BtrengDi  of  Borne 
;  a  cTDEbing  force.    The  beet  TaricHei  of 

Tie  enlled  the  *'  Malone."  from  northern  Ni 
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It  possesses,  after  it  has  been  deprived  of  water  by  a  heat  not  exceeding 
300°  r.,  of  agaia  coaibinmg  wiUi  water  and  forming  a  liard,  compact  msas. 
Wlien  the  dried  powder,  known  as  "  boiled  piaster,"  ia  made  inlo  a  thin  paste 
witli  water,  tlie  mixture  becomes  solid  in  a  fow  minutes ;  a,  chcmicaf  combi- 
nation  being  formed  of  2  equivalents  of  water  and  1  of  sulpliate  of  lime, 
■which  eventually  becomes  as  bard  as  tlie  ori^ual  gj'psum.  This  poiver  of 
resolidiljing  renders  gypsum  applicable  for  taking  copies  of  objccla  of  every 
desoriptjon,  and  lor  tlie  construction  of  molds  and  m.idels. 

If  the  powdered  gypsum  ia  subjected  to  a  heat  much  exceeding  300°  F.  it 
Uses  ita  property  of  soIidiPriog  when  mixed  with  water.  By  mixing  gypsum 
with  1  or  2  per  cent  of  alum,  sulphate  of  potash,  or  borax,  it  forms,  when 
mixed  with  water,  a  material  much  hanier  tlian  ordinary  ptaater,  and  capable 
of  takii^  a  high  pohsh.  Artificial  colored  marbles,  called  "  Scagliola,"  aro 
formed  of  gypsum,  alum,  isinglass,  and  coloring  materials,  incorporated  into 
a  paste.  Stucco  is  a  oombinaOou  of  Plaster  of  Paris  with  a  solution  of  gela- 
tine, or  atrong  glue, 

eil.  HypoKUlphite  ol  Lime,  CaO,SA  is  an  abundant  con- 
stituent of  the  refuse  lime  of  gas-works,  and  by  exposure  to  the,  air  gradu- 
ally  passes  into  sulphate  of  lime  (gjpsnni).  Gas-limo  has  been  used  for 
agricultural  purposes,  but  it  probably  possesses  little  or  no  value  as  a  fertil- 
izer. It  has,  bowerer,  been  reeommended  for  mossy  land  and  for  composta. 
All  the  hyposulphitea  act  as  depilatoriea,  or  hau'-removets,  and  many  of  the 
depilatoiy  powders  sold  by  dru^ista  are  compounds  of  this  character. 

542.  Chloride  of  Calcium,  CaCl,is  formed  by  dissolving  car- 
bonate of  lime  in  hydrochloric  acid.  The  saturated  aolutioQ  evaporated  to 
dryness,  and  the  residue  fused,  yields  a  wiiite  crystalline  solid,  which  pos- 
sesses so  great  an  attraction  for  moisture,  that  it  is  used  for  drying  gases,  and 
iiir  depriving  alcohol,  ether,  and  other  Uquids,  of  water,  by  diatilling  them  in 
contact  witli  it  When  mixed  witli  snow  or  ice,  it  forms  a  powerful  freezing 
mixture. 

SECTIOH"    III. 


Egaivaknl,  12. — Symiiol,  Mg. 
543.  Magnesium  is  a  malleable  metal  of  tho  color  of  silver,  and  in  combin- 
ation, is  an  abundant  constituent  of  the  crust  of  tho  earth.  Associated  with 
lime,  as  a  double  carijonaie  of  hme  and  magnesia  (oxyd  of  magnesium),  it 
forms  magnesian  limestone,  or  dolomite.  United  with  silica,  aa  a  silicate  of 
magnesia,  it  enters  more  or  less  extensively  into  the  formation  of  many  rocks, 
and  a  great  variety  of  minerals — such  as  soapstone  or  steatite,  serpentine,  talc. 


Qdebtiohb.— Whit  dm  16 
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meeraohaum,  etc. — all  of  which  are  nearly  pure  silicates  of  magnesia.  Tlio 
prvaeneo  of  oxyd  of  magnesium  in  rooks  or  minerals  in  TOosiderable  quantity, 
may  be  racogviized  by  a  peculiar  slippery  or  greasy  feeling  which  it  imparls 
to  them — hence  the  name  "soapstone."  Magnesium,  also,  exists  abundantly 
in  al!  sea-water,  in  combination  with  chlorine,  iodine,  and  bromine. 

544.  Osyd  of  Magneaium,  M  g  0  ,  — Calcinal  Magnesia. — This 
Bulratanoe,  forming  a  white,  veiy  lights  bulky  powder,  ia  left  when  earbonatn 
of  m^[neaia  is  healed  to  rodnesa.  It  is  much  used  in  medicine  as  a  mild  and 
gentle  aperient. 

G45.  Sulphate  of  Magnesia,  MgO,SO^  conatitutes  the  well- 
known  purgative  medicine,  Epsom  SaUs.  It  is  manufactured  largely  from 
the  bittern,  or  mother-liquor  left  after  the  partial  evaporatioj 
by  the  addition  of  sulphuric  acid  to  tho  solution  of  ciilorides,  and  also  by  tr 
ing  serpentine  rock  with  sulphuric  acid.  It  poaseaaca  a  hitter,  ( 
taste,  and  readily  crystallizes  from  solution  in  small  prismatic  crystals. 

&i»r  Carbonate  of  Magnesia,  MgO,CO, — ^The  common,  white 
magnesia  of  the  shops  is  formed  by  p^pitating  a  solution  of  sulphate  of  mag- 
nesia by  a  solution  of  carbonate  of  soda.  It  is  insoluble  in  water,  but  a  solu- 
tion of  carbonic  acid  disaolvea  it,  and  forms  the  poptUar  medicine  known  as 
Murray's  "  fluid  magesia."    Carbonate  of  magneaa  also  occurs  aa  a  mineral. 

647.  PropertieH  of  the  Alkaline  Earths.  — The  alkaline 
earths  are,  next  to  the  alkalies,  the  strongest  chemical  bases.  They  hare  a 
causae  action,  but  Car  less  so  than  the  alkalioa,  and  form  with  fats,  soaps 
which  are  insoluble  in  water.  The  carbonatca  of  tlio  alkaline  earths  are  in- 
soluble in  water,  and  when  exposed  to  a  powerful  boat,  part  with  their  car- 
bonic acid — in  this  respect,  being  the  opposite  to  tho  carbonates  of  the 
aJkallea. 


CHAPTER    XI. 

METALS     OF     THE     EARTHS. 

548.  The  metals  of  the  earths  are,  Aluminunij  Glucin- 
ii'm,  Zirconium,  Thorium,  Yttrium,  Erbium,  Terbium, 
Cerium,  Lantaiiium,  aud  Diiiymiura. 

Of  these,  all  but  the  first,  aluminum,  are  CKtrcmoly  rare,  and  comparatively 
unimportaiiL  Glucinium  is  the  metallio  base  of  the  earth  glucina,  which  ia 
the  characteristic  consUtuent  of  the  emerald  and  the  beryl.  Zirconium  is  the 
metallio  base  of  the  earth  zhoonia,  which  ia  found  in  the  gems,  zircon  and 
Jiyacinth.     The  others  possess  lew  points  of  general  interest. 


le  earth  t    Wlui  ii  amid  of  thdr  oe 
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I^ivtUent,  13'7.     Symbol,  Al.     Specijk  gravity,  2'5. 

6-19,  Tko  metal  alaminiim  -was  Grat  obtaiced  hy  Wohler,  an  eminent  Oer- 
rnao  chemist,  in  1821.  Comparativel)'  little,  however,  waa  known  of  it  until 
within  the  last  few  years,  but  processea  have  been  recently  devised  by  its  dis- 
coverer and  M.  Deville  of  Paris,  by  which  it  is  obtained,  in  considerable  quan- 
tides,  at  a  cost  wliich  (at  present)  renders  it  about  twice  as  valuable  as  alver. 

Pure  aluminum  is  a  beau'ljf  u],  white  metal,  closely  resembling  silver  in  color 
and  liardnesa  Its  most  striking  characteristics  are,  tliat,  while  it  closely  re- 
sembles in  appearance  tbo  dense,  heavy  metals,  it  is  jn  lact  lighter  than  glass ; 
and,  also,  its  power  of  resisting  oiydation — not  tarmshing  by  exposure  to  air 
or  moisture,  or  even  when  heated  lo  a  red  heat  It  fuhcs  at  a  temperature 
below  the  melHng  point  of  wiver,  is  malleable  ductile  and  remarkably  son- 
onms.  Nitric  and  sulphuric  adds,  even  when  concentrateu,  starcely  attack  it 
at  ordinary  l«mperaturc3 ;  but  it  dissolves  fiiiely  in  hydrodilorio  acid,  and 
even  in  etrong  viuegar  (aoedc  add).  Aluminum  derives  its  name  from  alunt, 
into  the  composition  of  whieli  it  enters. 

The  properties  of  aluminum  are  such  as  to  give  it  a  high  industrial  value ; 
and  it  has  been  applied  to  some  extent  for  economic  purposes. 

550.  Oxyd  of  Aluminum,  Alumina,  AljOj— This  is  the  only 
known  oxyd  of  aluminum  (a  sesquiosyd).  It  occurs  m  a  state  of  purity, 
with  the  execplion  of  a  little  coloring  matter,  in  the  sapphire  and  the  ruby; 
the  iirst  of  which  is  blue,  and  tho  latter  red.  These  gems  are  only  inferior  in 
hardness,  luster,  and  value,  to  the  diamond.  Emery  (corundum),  which,  Jrom 
ila  hardness,  is  so  largely  used  in  gTinding  and  polishing,  is  also  nearly  pure 
alumina.  Next  to  silica,  alumina,  in  combination,  is  the  most  abuudaut  min- 
eral constituent  of  the  crust  of  the  earth. 

By  mixing  a  solution  of  alum  with  an  excess  of  ammonia,  we  obtain  a 
white,  semi-transparent,  bulky  predpitate — hydrate  of  alumina,  AlsOa+3HO. 
This,  washed,  dried,  and  strongly  ignited,  furnishes  a  pure  alumina,  Id  tho 
form  of  a  white  powder,  almost  insoluble  in  adds,  and  infusible,  except  be- 
fcre  the  oxyhydrogen  blow-pipo. 

651.  Alum. — Common  alum  is  a  combination  of  the  Bulphnto  of  alumina 
and  the  sulphate  of  potash,  with  24  equivalents  of  water.  The  constitution 
of  tUia  double  aaJt  maybe  represented  as  follows:  AI5O3,  3SOa+K0,S08-h 
24.HO.  When  alum  is  heated,  it  froths  up,  loses  its  water  of  eryatallization, 
and  is  converted  into  a  white,  porous  mass,  many  times  tho  volume  of  the 
salt  employed ;  in  this  condition  it  is  knotvn  as  anhydrous,  or  burnt  alum. 

Alum  is  occasionally  found  aa  a  natural  product  in  the  earth,  but  fbr  indus- 

BDhj'dniusaluiidDat    Wlu  u       m      Q       Is  grmular    What  Is  burnt  alum  t 
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trial  purposes  it  is  manufactured  artilida1]7.  Tiie  sulphate  of  alumina,  which 
«al«r3  into  its  compositJon,  maj  be  obtained  by  di^aolving  alumina  thiin  com- 
mon claj  by  sulphuric  add,  or  by  exposing  certain  aluminous  (clayey)  ^tea 
BQd  shales,  which  cuntaia  su)pliuret  of  iron  (iron  pyrites),  to  the  action  of  tho 
air,  or  to  a  moderata  heat ;  under  these  drcumstances,  tbe  sulphuret  of  iron 
is  decomposed,  its  sulphur  unLtii^  with  oxyjfen  to  form  sulphuric  acid,  which, 
subsequently,  combines  with  tlie  alumina  of  tlie  clay  to  Ibrm  sulphate  of  al- 
limioa.  This  salt,  obtained  in  solution  from  the  clay  by  washing,  is  mixed  in 
lirge  casks  with  sulphate  of  potash,  in  proper  proportions,  and  tho  whole  oi-  . 
lowed  to  stand.  Tlie  Ibrmaljon  of  alum  immediately  commences,  and  afkT 
the  lapse  of  a  few  weeks,  tho  interior  of  the  cask  becomes  linod  with  a  thick 
mass  of  crystals.  Tho  staves  of  tliG  cask  arc  tlien  removed,  and  an  enormous 
mass  of  alum  eryslals,  of  tho  shape  of  the  cask,  is  left  standing.  (See  Pig. 
189.)    These,  when  drained  and  broken  up,  furnish  alum  ready  for  market. 

FlO.  189. 


Ordinary  alum  has  a  swoctisli  astnn^nt  taste  and  cryJl  illizea  yerv  read- 
ily in  regular  octohedrons. 

553.  The  constitution  and  formahnn  of  alum  affords  i  good  illustration  of 
the  principle  of  isomorphism.  For  example,  we  miy  substitute  m  its  maun- 
Cloture  in  the  place  of  sulphate  of  potash  sulpl  ate  ofsodn  or  sulphate  of  arn- 
monia,  and  thus  obtain  soda,  or  ammon  a  i!  ini^  which  crystallize  in  tho 
same  form  as  tho  potash  alum  and  posso'JS  sira  !■«■  properties ;  or  we  may 
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Bulvtitote  in  the  phco  of  tho  scsqui-osyd  of  aJumlna  AltOi,  soaquioxj-da  of 
iron  chrominm,  or  mangasesi?,  v  ithout  changing  the  original  octohedral, 
cr}sl»lliiie  form  These  Bub<ititiitioi)3  wi  I  be  more  ulearlj  understood  from  an 
examinatioa  of  tho  annexed  table 

Fotasb  alum  AI1O3  3S034-KO,  SOa+24RO 

Soda  slum  AljOs  3SO3+Sa0,  BOi+21HO 

Ammonia  alom  AJ-Os  SSOs+SH*  O,  SOj+MHO 

Iron  ■lum.  FesOa,  3SOa+K0,  80a+S4HO 

Chrome  ilum  CtsOs,  aSOs+KO,  SOs-fMHO 

All  these  compounds  are  called  alum',  and  are  said  to  be  iaomorphous,  be- 
cauip  the7  poaaess  a  similar  chemical  coii<>titutioti,  and  the  Eame  crj'atallinQ 
f  inn  They  may  ba  eaaily  prLpsrcii  bj  diasolviag-  logollicr  in  water  iheir 
iimpto  constituent  salts  ui  proper  proportions,  and  allowing  tho  solution  to 
Ciystalliai  Potash  soda,  and  ammonia  alums  are  white,  chrome  alum  a  deep 
purple  and  iron  alum  a  pale  purple  or  red 

Alum,  an  i  the  eompouuds  of  alumina  formed  from  it,  are  largely  used  in 
dyeing,  calico  printing,  and  in  tanning.  Alumina  has  a  very  great  attraction 
for  certAiu  kiuda  of  organic  matter,  and  especially  for  coloring  substanoes. 
To  such  an  estent  is  this  the  case,  that  the  hydrate  of  alumina  ia  extensively 
employed  in  the  place  of  animal  charcoal  for  decolorizing  animal  and  vege- 
table solutions.  If  cloth  ia  aoahed  in  a  solatjon  of  alumina,  prepared  from 
iJum,  a  portion  of  the  earth  attaches  itaelf  to  the  fibers;  anl  if  subse([ueut1y 
plunged  into  a  bath  of  coloring  matt^ir,  it  becomes  permanently  dyed.  Most 
coloring  sobstaucea,  without  this  treatment,  would  be  removed  by  waahlng ; 
but  the  presence  of  alumina  seems  to  aerva  as  a  bond  of  union  between  tho 
color  and  the  fiber,  which  renders  the  adhesion  of  the  dye  permanent;  a  few 
other  substances,  such  as  binoxyd  of  tin,  and  tho  aesquioxyda  of  chromium 
and  iron,  act  in  the  same  manner,  and  aj^  called  mordants  {Itoat  tho  Latin 
mordm,  lo  bite  in). 

When  alum  is  added  to  a  colored  vegetable  or  animal  aolution,  and  the 
alumina  precipitated  by  tlie  addition  of  an  alkali,  it  carries  down  with  it  Ibo 
greater  portion  of  the  coloring  substance,  and  forms  a  class  of  pigments 
called  lakes.     Carmine  is  a  lake  prepared  in  this  way  from  a  solution  ol  co- 

553.  Silicates  of  ilumlna  — Tho  salts  (f  silidc  acid  and  alumina 
comprise  a  great  number  of  important  and  int^rotu^  mincrul  subalances 

554  Clay  . — All  the  varieties  of  ciay  consist  of  hydrated  sihcale  of  alu- 
mina, more  or  less  mixed  with  other  matters  derived  fW>m  tiie  rocks,  which 
by  thrfr  decomposition  have  formed  clay  ,  such  is  potish  uncombmed  silica, 
oxyd  01' iron,  lime,  and  magnesia,  ^.ccording  a^  oie  or  the  other  of  these 
ingredienta  predominates,  the  character  ot  the  clay  and  its  adaptation  to 
specific  purposes  will  vary. 
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Claya  whicli  oro  nearlj  (tee  IVom  oxyd  of  iron  or  carbonato  of  limo,  are 
termed  fire-days,  and  are  used  for  the  manufacture  of  fire-bricka  and  cruci- 
bles I  audi  clays  are  of  rare  ocourrenca.  PipB-clay,  used  for  the  manufacture 
of  tobacco-pipea,  ia  a  fine  white  clay,  nearly  free  from  iron.  Whea  the  pnv 
portion  of  carbonato  of  lime  in  a  clay  is  conaderable,  ft  constitutes  what  is 
known  aa  a,  marl ;  if  the  aluminous  eoustituent  predominates,  it  forms  an 
aluminous  marl;  if  the  carlionato  of  lime  be  in  excess,  it  is  a  calcareous 
marl ;  the  latter  is  highly  valued  in  agriculturo  as  a  fertilizer  Ibr  l^t,  sandy 
soils.  Loam  is  a  mixed  sulistanco  containing  much  clay,  some  sand,  iron,  and 
a  vaoying  proportion  of  organic  matter.  Ociui^  are  clays  colored  red  or  yel- 
low by  oxyd  of  iron ;  they  ara  extensively  used  as  p^nts.  FalJer's  earlk  is  a 
porous  Mlicate  of  alumina,  which  has  a  stroi^  adhesion  to  oily  matters;  if 
made  into  a  paste  with  water,  and  allowed  to  dry  upon  a  spot  of  grease  on 
a  board  or  cloth,  !t  removes  most  of  the  oil  by  capillary  attraction.  It  owes 
its  name  to  Ibe  fact  that  it  is  employed  to  remove  the  grease  applied  to  wool 
in  spinning. 

655.  Clay  emits  a  peculiar  odor  wbon  breathed  upon,  which  is  known  as 
an  argillaceous  odor.  When  mixed  with  a  soil,  it  gives  it  firmness  and  con- 
sistency, and  retains  the  moisture,  ammonia,  carbonic  acid,  and  organic  mat- 
ters which  contribute  to  the  support  of  plants.  In  this  way  it  indirectly 
ministers  to  the  wants  of  vegctaljon,  althoi^h  alumina  itself  is  not  known  to 
enter  as  a  constituent  into  tlie  structure  of  either  plants  or  animals. 

Among  other  important  minerals  of  which  silicate  of  alumina  ia  a  prin- 
cipal constituent,  may  he  mentioned  feldspar,  mica,  all  the  varictiea  of  slates, 
and  lavas,  trap,  basalt,  porphyry,  etc  The  gems,  topaz  and  garnet,  are  also 
ia  great  part  aUicale  of  alamina. 

The  heautiful  artiScial  blue  pigment  known  as  vltramariiie  consists  mainly 
of  silicate  of  alumina  fused  with  sulphide  of  sodium. 

556.  General  Properties  of  the  Earths.— The  earths  are 
entirely  insoluble  in  water,  and  do  not  combine  with  carbonic  acid.  They 
possess  weak  liasic  properties,  and  alumina  in  some  instances  may  even  act 
the  part  of  an  acid.  The  metres  of  the  alkalies,  the  alkaline  earths,  and  the 
earths,  are  all  of  a  low  spewfic  gravity,  and  are  sometimes  called,  on  this  ac- 
count, the  l^ht  metala,  to  distinguish  them  from  the  other  metals,  which  are 
dense  and  heavy. 

QuEBTiaN9.~'Wliall>flre-clii:rF  What  1b  plpe-cl!.; F  Whntire  mirlH?  What  fa  losm! 
■What  are  ochroa  I  ■WhatiB"fiillcr'BCBrthr'  What  are  the  properlies  of  day?  What 
mliu-v'ea'v  lo.tW'y  composed  of  sillcLte  of  alumiiiar    WliaC  ia  ultiunadDB*    Wlut  uij 
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CHAPTER    XII. 

GLASS     AND     POTTEEY. 

657.  Class  is  a  compound  substance  produced  by  fusing 
together,  by  a  high  and  long-continued  heat,  mixtures  of 
the  silicates  of  potash,  soda,  lime,  magnesia,  alumina  and 
lead^ — -the  nature  and  proportions  of  the  ingredients  vai'y- 
ing  according  to  the  purpose  for  which  the  glass  is  to  be 
used. 

Silica  fiiscd  with  the  allcaliea,  potash,  or  soda,  readily  yields  a  transparent 
glass  of  easy  fusibility,  but  not  ailapled  for  economic  purposes,  since  it  is  un- 
able to  rosiat  the  action  of  water  and  adds.  If  the  proportions  are  3  of  al- 
kali to  1  of  silica,  the  compound  is  bo  readily  soluble  in  water  as  to  bo 
designated  as  "  soluble  glass"  (g  414.)  By  iucreaainB  the  proportion  of 
Eilita,  we  can  greatly  diminish  the  solubility  of  tlie  alkaline  sLlioates,  but 
not  entirely  so  On  the  other  baud,  silica  fused  with  lime,  magnesia, 
baryta,  or  alumina,  yields  compounda  which  resemble  porcelain  rather  than 
glass,  are  entirely  insoluble,  and  melt  at  only  a  high  temperature.  No  single 
silicate  is,  therefore,  adapted  by  itself  to  form  glass,  but  by  judicioua  mix- 
ture of  the  Tsrious  silioatea  wc  can  contain,  compounds  which  are  transparent, 
free  from  color,  fusible  at  a  moderate  he:it,  and  insoluble  in  water.* 

The  temperature  at  which  glass  fuses  depends  upon  the  amount  of  alica  it 
eontsius ;  the  greater  the  proportion,  the  less  the  fusibility. 

658.  The  principal  vajietics  of  glass  arc  as  (bllowa : — 

Common,  colorless,  or  white  glass,  which  is  used  for  making  tumblers,  win- 
dow-glass, and  looking-glasses,  is  a  compound  of  silicate  of  potasaa  or  soda, 
with  silicate  of  lime.  Tho  eliaracter  of  the  glass,  however,  varies  very  much 
according  as  one  or  the  other  of  the  alkalies  is  used.  Glass  composed  of  sim- 
ply the  silicates  of  potash  and  lime,  is  exceedingly  transparent,  voiy  hard,  and 
of  i^flicult  fiisibility.  It  is  highly  prized  in  the  laboratory  for  its  adaptation  to 
wrtain  chemical  requirements.     The  celebrated  Bohemian  gtass — the  finest 


bed  out  Ihe  alkali  of  the  glssB, 
reftscUon  of  light.  Speame™ 


of  aurablE  iflsBB?     Whatie  aaid  ■•f  tho  fnslliUilyof  BlaHSf    What  is  til 
eommon  wJiieoBlaMi    Whnt liUiodiacaoterofpotash-glBas?    Wbatls 


HnjtcdbyGoOglc 


356  INOr.  GANIC     CIlEMISTr.T. 

glass  produced,  ia  a  Bilicato  of  potash  and  lime,  witli  a  little  silicato  of  iJnnl- 
ba.  By  aubslitoting  soda  in  Q\c  place  of  potash,  wo  obtain  a  more  fbaiblo, 
but  a  less  traosprent  glass;  rarieties  of  glass  with  this  composition,  are 
known  as  "crown  glasp,"  plate-glaas,  window-giass,  etc.  The  presence  of 
Eoda  in  glass  imparts  to  it  a  bloeish-green  tinge,  which  is  not  observed  when 
potash  alone  ia  used. 

Green  Bottle  Glass,  and  other  inferior  desciptions  of  glaaa  used 
for  the  manu&cture  of  articles  in  which  color  ia  not  regarded,  consist  of  an 
alkali,  silica,  lime,  and  alumina;  tho  eiieapest  and  moat  ordinary  maierials 
b^in^  used,  aueh  as  wood-ashea  and  common  salt,  as  alkaline  products,  com- 
mon sand,  clay,  gas-lime,  and  tha  refuse  lime  and  alkali  left  after  the  manu- 
facture of  soap.  Tho  green  color  of  bottlo-glasa  is  due  mainly  to  the  presence 
of  oxyds  of  iron  and  manganese. 

Flint-Glass,  so  called  from  tho  dreumstaucE,  that  the  silica  used  ip 
its  Qianuiacluro  was  formerly  derived  from  pulverized  (Huts,  is  a.  mixture  of 
Bilicalo  of  potash  and  silicate  of  the  o-tyd  of  lead.  It  iusea  at  a  lower  temper- 
ature than  the  ordinary  yaiicties  of  glass,  has  a  beautiful  transparency,  and  a 
compirative  softness,  which  enables  it  to  be  cut  and  polished  with  ease. 
Glass  which  cont^BS  lead  posaesses  the  property  of  refracting  light  in  a  re- 
markable manner,  and  la  consequently  employed  for  the  construction  of 
lenses  for  optical  instruments,  glass  prisma,  cliandeliel'-drops,  etc. ;  it  is,  abo, 
tlie  basis  of  the  artificial  gems  known  as  pasle,  which  are  colored  by  metallic 

559.  Tho  mUcv  naed  for  the  manufiicturo  of  fine  glass  is  generally  in  tha 
form  of  pure  white  sand,  eudreiy  free  from  osyd  of  iron.  Such  sand  is  by  no 
means  common,  the  finest  in  the  world  being  at  present  found  among  tho 
Green  Mountains  of  Western  Massachusetts,  from  which  localities  large  quan- 
tities are  annually  exported  to  Europe.  Tlie  silica  of  the  Bohemian  glass  is 
obtiuned  by  pulverimng  masses  of  pure  white  qimrtz.  The  alkali  used  is  a 
refined  carbonate  of  potash  or  soda.  These  two  ingredients,  with  a  proper 
proportion  of  air-slacked  lime,  or  oxyd  of  lead,  are  thoroughly  mixed,  and 
fused  in  large  crucibles  of  refractory  fire-clay,  in  a  circular  reverhetatory  fur- 
nace. Tliis  furnace  is  usually  in  the  form  of  a  truncated  cone,  GO  to  60  feet 
high,  and  40  to  50  feet  in  diameter  at  the  base.  The  furnace  is  at  the  center 
of  the  cone,  and  the  glaas-pols,  to  the  number  of  4  to  10,  are  arranged  around 
the  circumference,  and  opposite  lu  openings  in  Uie  walls  of  the  liirnaoe.  Fig. 
1 90  represents  tho  exterior  of  tho  furnace,  and  the  general  appearance  of  a 
glass-house. 

The  fire  of  a  glass  fiimaco  is  never  allowed  to  slacken,  and  the  melting-pots 
remain  permanently  in  their  situations  for  several  months,  being  charged  from 
the  exterior.  A  beat  of  about  forty-eight  hours  is  requisite  to  convert  the 
crude  materials  into  a  liquid,  homogeneous  glass. 
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The  details  of  the  working  and  molding  of  glass  arepurelj  meclisiiiicii],  and 
a  descriptJoQ  of  them  is  foreign  to  the  object  of  tliis  work 

560  Colored  Glan  .—Glass  s  colored  bjtbe  add  onto  t,mafuBGd 
etate  of  small  qiantili  o  of  t  e  m  t  11     o     lis,   t1  c    d  s^oive  m  it  without 


oflfectiiig  ils  tran-sparency,  Tims,  oxyd  of  cohalt  imparts  a  deep  blue;  oxjd 
of  manganese,  a  purple  or  violet ;  osyd  of  copper,  a  greeo ;  oxyda  of  iron,  a 
doll  green  or  brown ;  and  oiyd  of  gold,  a  ruby  or  rose  color.* 

*  Cut-glasg  ommmentBl  artlclee,  nhich  eililbit  dificiei 
and  nt  dllTerent  depths  In  Uie  thickness  of  the  glass,  ai 
manner :  the  olqect  is  flret  formed  in  vlilM,  Innsparen 

pot  of  Mlored  glass  in  a  ante  of  tualon,  and  belpg  anddenly  with 

upon  it  s  thin  coattng  of  colored  glass,  which  Immediately  hardens  npon  it,  and  beconies 


nufsctured  la  the  follo< 
I  colorless  ghLBB  -,  then,  b 
is  dipped  for  a  moment 


gethee 
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5G1.  Enamel  is  a  term  given  to  glass  which  is  rendered  milk-wliito 
opaque  by  the  addition  of  biooxyd  of  tin.  Examples  of  such  enamels  are  to 
be  seen  in  watch-diala,  and  in  the  s  voalled  porcelain  traosparenciea.  Colored 
enamels  are  produced  by  the  addition  of  metalHc  oxyds  to  white  enamels. 

662.  Annealing  > — If  ^ass  be  allowed  to  cool  suddenly  after  lusion,  it 
becomes  exceedingly  brittle,  and  articles  made  from  it  are  liable  to  break  in 
pieces  from  the  least  scratch  or  jar,  or  eten  from  a  slight  but  sudden  change 
of  temperature,  as  when  transferred  from  a  cold  to  a  warm  room. 

This  properly  ia  strikingly  illustrated  by  what  are  caJled  Prince  Rupert's 

drops,  which  are  tittle  pear-shaped  masses  of  glass,  rormed  by 

Fio,  191,      dropping  melt«d  glass  into  cold  water.-  (See  Fig.  191.)    These 

rmay  be  subjected,  wilhnnt  breaking,  to  considerable  presaurf, 
or  even  to  a  smart  stroke,  but  if  the  litUo  end  of  the  drop  bo 
nipped  off,  the  w^hole  mass  instautly  files  in  pieces  with  a  sort 
of  exploaoa,  and  is  converted  into  powder.  This  effect  ap- 
pears to  be  due  to  the  f^ct,  that  Uio  particles  of  which  these 
little  massea  are  composed,  are  in  a  state  of  unequal  ten^n,  owing  to  tho 
tormation  of  a  solid  coating  upon  the  exterior,  while  the  interior  parts  are  still 
fluid ;  iJie  latter  being  thereby  prevented  from  expanding,  as  they  becomo 
soUd.  Tho  drops  will  bear  a  concusaiou  because  the  mass  then  vibrates  as  a 
whole,  but  if  the  end  be  broken,  a  vibratory  mOYomeLt  is  communiealed 
along  the  surfiioo  without  reaching  the  internal  parts ;  this  allows  them  somo 
expansion,  which  overcomes  tho  cohesion  of  the  outer  coating,  and  the  wholo 
at  once  Hies  in  pieces.  To  obviate,  therefore,  this  tendency  to  brittleness,  all 
glass  articles,  after  their  manufacture,  are  subjected  to  the  operation  of  an- 
nealii^,  which  ia  a  very  slow  and  gradual  process  of  cooling,  by  which  tho 
parts  are  enabled  to  asaume  tlieir  natural  position  with  regard  to  each  other. 
In  some  cases,  several  days,  or  even  weeks,  are  required  for  the  cooling  of 
particular  articles. 

563.  Pottery  and  Porcelain. — Tho  basis  of  all  earthen- 
ware, porcelain,  and  china,  is  silicate  of  alumina  (clay). 

Pure  siUoate  of  alumina,  however,  contracts  greatly  and  unequally  on  dry- 
ing, and,  consequently,  is  unfitted  to  be  used  by  itself  for  fictile  purposes. 
Tills  diffiouliy  is,  however,  overcome  by  the  addition  to  the  clay  of  a  propor- 
tion of  aliea,  and  to  compensate  for  a  loss  of  tenacity  in  the  clay  thereby  oc- 
casioned, it  is  also  cnslomary  to  incorporate  with  the  mass  some  thsihlo 
materia),  as  an  alkali,  wlicate  of  lime,  etc,  which,  at  the  temperature  required 
for  baking  the  ware,  fiiscs,  becomes  absorbed  by  the  more  infusible  portion, 


irhich  >ra  Keen  in  ornamental  articles,  which  eonslat  jardally  of  oglorai,  ar 
clear  Bli^s.  "e  ppoduoed.    Additional  colors  may  ft]»  be  combined  on  the 
tame  nilLTiner,  and  br  cutting  a  tartare  no  coated,  to  different  deptha,  •arii 
may  ba  prodnced,  luvolving  a  display  of  two  or  more  colors. 

iJpBrHallyof 

Qtrre™)™.— What  are  snamelsf    What  effect  is  produced  by  altowinR 
middcBlyf     Ho»  la  this  muilrated  by  Prince  Knperfs  drops'     What 

glass  to  co«l 
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and  b[ods  the  whole,  on  cooling,  Into  a  Holid  mass.  According  to  tlie  greater 
or  leas  piopoitioa  ol'  tUi^se  I'uatile  materials,  the  ware  is  more  or  Ic^  traaspa- 
reuC,  or  resembles  glass  in  a  greater  or  less  degree. 

5M,  I*orcel«in  is  the  name  applied  to  the  Unest  varietiea  of  earthen- 
ware. It  ia  composed  of  a  very  pure,  wliile  clay,  called  "  kaolin"  (derived 
from  the  decomposition  of  feldspar),  very  finely-divided  silica,  prepared  by 
crushing  and  grioding  calcined  fiiula,  and  a  little  lime.  The  utmost  pains 
are  taken  U>  thoroughly  incorporale  these  ingredients,  aod  to  avoid  the  intro- 
duclaon  of  particles  of  grit,  or  otlier  foreign  bodies.  The  mixture,  having  the 
consistency  and  appearance  of  dough,  is  then  fashioned  upon  a  peculiar  kind 
oflaOie — called  a  "potter's  wheel," — or  in  molds  of  plaster  of  Paris,  into  ware, 
—dried,  and  baked  in  a  kiln  or  oven  for  a  period  of  about  40  hours.  The  por- 
celain in  this  condition  is  technically  termed  biscuit,  and  ia  compact  and  solid, 
but  so  porous  as  to  readily  imbibe  water,  and  even  alloiv  it  to  iilter  throi^h 
its  substance.  This  difflculty  is  remedied  by  covering  the  ware  with  a  glasay 
coating  called  a  glaze,  which  generally  coosiata  of  a  more  fusible  mixture  of 
the  same  materials  as  the  porcelain  itself  These,  in  a  slate  of  Sne  powder, 
are  made  into  a  cream  with  water,  and  into  this  the  ware  is  dipped  fhr  a  mo- 
ment, and  then  withdrawn ;  the  water  sinks  into  its  substance,  leaving  the 
powder  evenly  spread  upon  the  surface,  which,  when'  submitted  to  a  moder- 
ate heat,  fuses,  and  forma  a  uniform,  vitreonB  coating.  In  ornamented  porce- 
lain, the  designs  are  printed  or  painted  upon  (he  surface  with  various  metallia 
Oiyds,  which  dovelope  their  colors  only  after  fusion  with  the  ingredients  of 
the  glaze. 

The  material  called  "Parian,"  of  which  statuettes,  etc.,  are  manii&cturcd, 
is  a  carefully-prepared  variety  of  porcelain. 

The  details  of  the  manirfacture  of  the  ordinary  varieties  of  "  stone"  and 
"  earthen"  ware,  are  in  principle  the  same  as  those  involved  in  the  manuliic- 
ture  of  porcelain,  leas  care,  however,  being  taken  in  the  selection  of  materials, 
and  Icaa  labor  being  bestowed  upon  tlieir  preparation.  The  coarser  kinds  of 
earthenware  are  sometimes  covered  with  a  yeilowiah-whlte  glaae,  of  which 
oxyd  of  lead  is  an  important  ingredient.  The  use  of  such  vessels  in  culinary 
operations  ia  highly  objectionable,  inasmuch  as  the  lead  is  liable  to  be  dis- 
solved off  by  acids,  and  act  as  a  poison. 

Bricks  and  common  pottery-ware  owe  their  red  color  to  the  iron  naturally 
contained  in  the  clay  of  which  they  are  composed,  which,  by  heating,  is  eon- 
verted  into  red  oxyd  of  iron.  Some  varieties  of  day,  like  tliat  found  near 
Milwaukie,  contains  little  or  no  iron ;  and,  consequently,  the  bricks  made  from 
It  are  alt  lightKiolored. 

Qdxbtioks.— Whst  ia  the  compcnitlQii  of  porcelain  (    Describe  Its  mannfacture.    Ilor 
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CHAPTER     XIII. 

THE     COMMON,     OR     HEAVX     METALS. 

SECTION    I. 

IRON   [F^rrum). 

Eiuivaknl,  28.     Symlol,  Fe.     Specijk  gramly,  1-B. 

565  Natural  Ilislory  and  Distritulion.— Iron  is  tiie 
most  abundant,  the  most  widely  difi'used,  and  the  most 
useful  of  all  the  metals.  It  is  the  only  metal  which  enters 
into  the  structure  of  all  the  vertebrate  animals,  as  an  es- 
sential constituent  (existing  always  in  the  blood),  and  the 
only  one  whose  oxyds  are  not  injurious  to  either  animals 
or  plants. 

Iron  \a  a  metallic  and  malleable  Btate,  alloyed  with  nidiel,  cobalt,  and  smaU 
quaDtitiea  of  oth^r  meCala,  is  found  upon  the  surface  of  the  earth  m  large 
masses  of  meteoric  ori^n.  These  ma-sses  are  bo  peculiar  ia  tbeir  compositioa 
and  structure,  and  diOer  so  essentially  from  aD  terrestrial  BubstanccE,  that 
although  they  may  not  have  been  seen  to  fall,  they  are  easily  rec<^nizod 
Some  of  these  extraordinary  bodies  are  from  15  to  20  tons  weight,  one  ob- 
served to  Ml  from  the  Mmosphere  in  an  ignited  state  in  South  Amtnca.  m 
1S44,  was  up^vard  of  a  cubic  yard  In  dimensions.  A  specimeii  in  the  cabinet 
of  Yale  College  weighs  Ifii^  lbs.,  and  one  in  Qie  Smithsonian  Institution, 
2S2  Iba.  Tlie  occurrence  i"  nature  of  metallic  iron  of  a  terrestnal  ongm  is 
exceedingly  rare.  It  is,  liowever,  said  to  bo  oocaaionally  found  associated 
witli  ores  of  platinum.  aii'I  also  ni*taa  nodules  inclosad  in  masses  of  iron  oro 
— the  latter  being  evider.tly  the  result  of  electro-galvanic  agency.  Recent  in- 
vestigations by  Hayes  of  Boston  have  ^so  rendered  it  probable  that  a  deposit 
(1  naOvo  iron  exists  on  the  West  Coast  of  Aftiia  in  the  vie  mty  of  L  bena 

Iron  in  a  state  of  perfect  purity  is  not  found  also  as  in  irtide  of  com 
merce — the  very  best  artificial  irons  altt  a(  s  containing  some  carbon,  and 
generally  minute  quantities  of  sihea,  sulphur  and  phosphorus  Chemically 
pure  iron  may,  however,  be  obtained  by  reducing  the  pure  peroiyd  of  iron 
at  a  red-heat  by  a  current  of  hydrogen  gas. 

G66.  CompoundH  of  Iron  with  Oxygen  —Iron  forms  throe 
definite  compounds  with  oxygon;  1.  Protoxjd,  FeO  S  be«quio\yd,  con 
monly  called  the  peroxyd,  FojOj;  3.  Ferrn,  acid,  leOa  Another  osjd 
Fe|04,  found  native  in  lai^  quantities,  and  known  as  the  black  or  magnetic 
oxyd  of  iron,  is  by  some  regarded  as  adi^nct  oxy  1,  and  by  others  as  i  com 
pound  of  protoxyd  and  sesquioxyd. 

QcisTioNB.— WlistlssalilofiroTif    Is  malleable  Iron  fouiid  In  mtiiie!    lathe  Iran  of 
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B67.  ProUlyd  «I  Iron,  F  e  0  ,  does  not  occur  in  nature  except  in 
conibination.  It  is  a  powerful  base,  and  unitfiB  witli  the  acid*  ia  form  salts 
wliiuh  have  a  greeniah  color  and  a  atjptic  tasts — properties  wbioli  are  pos- 
seased  in  a  verj  marked  degree  by  green  vitriol,  wiiiek  is  a  stilphate  of  the 
proloxyd  ofiron.  Protoxyd  of  iron  may  be  easily  obtained  iu  tlie  form  of  a 
hydrate,  by  dissolving  pure  sulphate  of  iron  in  wat*r  recently  boiled  and 
adding  an  alkali  lo  the  eolution.  Tbe  bulky  precipitated  hydrate  is  at  first 
neaiiy  white,  but  absorbing  oxygen  IVoni  the  air,  it  sood  becomes  brown,  and 
finally  red,  from  its  convarsion  into  aosquioxyd.  In  a  moist  state,  this  by- 
diate  constitutes  the  most  cffectuaJ  anddote  in  poisoning  by  arsenic 

568.  Seiiquioxyd  of  Iron,  FcjOs,  Peroxyd,— is  found  native  in 
great  abundance,  and  consljtutes  some  of  the  most  valuable  of  the  ores  of 
iron.  It  ia  in  tiiis  atiite  of  oxydation  that  iron  ia  generally  found  in  soils  and 
minerals,  assuming  otfcntimoa  a  deep  red  color  (red  oxyd)  as  in  oeher,  burnt 
clay,  etc  The  substance  called  rouje,  crocus,  or  rolcolhar,  used  for  polish!]^ 
glass  or  metals,  ia  this  oxyd  in  a  state  of  fine  powder,  prepared  by  igniting 
the  aulpliate  of  iron. 

669.  Black,  or  magnetic  Oxyd  of[ron,F  v^Oa,  occurs  abun- 
dantly in  nature,  constituting  tbo  common  magnetic  iron  ore,  and  the  nativo 
loadslom,  botli  which  acquire  magnetic  properties  from  the  inductive  influ- 
ence of  the  eartb.  It  Ls  also  the  principal  constituent  of  the  scales  of  oxyd 
which  are  detached  during  the  forging  of  wroughMron. 

570.  Ferric  Acid,  FeOs, may  beformedby  heating  Ipartofperoxyd 
of  iron  with  4  parts  of  saltpeter  to  full  redness  for  an  hour,  in  a  covered  cru- 
cible. A  brown  mass  is  thus  obtained — ferrate  of  potasb — wbioh  digested 
with  water  yields  a  beautiful  violet-colored  solution. 

GTl.  Oreii  of  JroD.—Theoresofiron  are  estremely  numerous.  The 
following  are  some  of  the  most  valuable : 
1.  The  laagneUe,  or  black  oxyd,  which 
has  a  black  color  and  a  metallic  luster. 
It  ia  found  in  beds  in  the  primitive 
rocks,  and  sometimes  constitutea  entire 
mountains,  aa  the  iron-mountiuns  ( 
Uiseouii.  It  ia  one  of  the  richest  of  the  I 
ores  ofiron,  and  contains  about  70  per  ^ 
cent  of  pure  iron.  Tbe  auperior  iron 
of  Sweden  and  Russia  is  prepared  Irom 
it  The  specular  iron,  or  red  iron  on, 
consbts  mainly  of  sesquioxyd  of  iron ; 
under  this  class  are  included  the  ores  known  as  red  and  brown  hematites,  and 
bog-iron  ore.  Red  hematite  often  oocnrs  in  fibrous  crystallized  nodules^ 
forming  beautiful  cabinet  specimens.      {See  Fig.  192.)     All  the  ores  of  thia 
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class  yielJ  reddish  brown  powders,  nnd  may  tliua  ba  distinguished  (Vom  the 
blade  oxyd;—tbey  contain  aliout  63  per  cent  of  iron ;  3.  Ckty-iron  sUme  \s 
ea  impure  carbonate  of  iron,  mingled  wltli  varying  proportiona  of  clay,  lime, 
majiCnesia,  and  manganese.  Tbis  oro  occurs  extensively  assoeintcd  with  coal, 
and  contains  about  33  per  cent  of  metallic  iron ;  it  is  the  chief  source  of  (lie 
enormovis  quantity  of  iron  roanuiactured  in  Great  Britain,  All  days  which 
are  capable  of  yielding  20  per  cent,  of  iron  are  called  ores. 

573.  B i -  S u I p h ur e t  of  Iroo,  FoSi, — ironpyritts, — cithoiigha  very 
obundant  mineral,  is  not  used  aa  a  source  of  tnotaliic  iron ;  it  occars  io  cu- 
bical  crystals  (see  Fig.   193)    and   fibrous 
g  radiated  masses ;  from  its  bright  yellow  color 
I  and  metallic  luster  it  is  often  mistaken  for 
I  gold  (fool's  gold),  but  ils  character  may  bo 
y  determined  by  the  sulphurous   odor 
I  which  it  evolves  by  heating. 

3.  Protosulphate  Of  Iron. 
FeO,S0,-|-7HO.— Copperas;  Green  Vii- 
rioL — Tliia  salt  may  be  readily  formed  by  dis- 
polvii^  metallic  iron  in  sulphuric  acid,  but 
for  commercial  purposes  it  is  prepared  on  a 
very  large  scale  by  exposing  iron  pyrites  to  the  action  of  a'r  and  moisture, — 
the  suljihuret  of  iron,  by  tlie  al)Sorption  of  oxygen,  yielding  sulpliurio  acid 
and  osyd  of  iron.  The  salt  produced  is  tlieu  dissolved  out  with  water,  and 
the  solution  allowed  lo  crystallize.  In  this  way  it  is  prepared  in  great  quan- 
tises at  Stafford,  YermonL 

Copperas  forms  beautiful,  transparent,  b'.uish-green  crystals,  which  effloresce 
in  dry  air,  and  become  covered  with  brownish- white  crust  In  combinotioi) 
with  certain  natringont  vegetable  matters,  as  tannin,  extract  of  galls,  etc.,  it 
fbrnia  permanent  black  dyes,  and  is  hence  much  used  in  tlie  arts  for  dye- 
ing, and  for  the  manufacture  of  inks. 

614.  Iron  is  employed  In  the  arta  in  three  different  states,  viz.,  as  crude, 
or  cast  iron,  as  wroajht,  or  maltetdile  iron,  and  as  sleeL 

575.  Cast  Iron,  the  metal  obtained  by  smelting  the  oro  with  carbon, 
is  a  cbemicpl  compound  of  iron  and  carbon — a  carbide,  or  carburet  of  iron, 
containing  also,  aa  impurities,  small  quantities  of  uneombined  carbon  and 
ffllicoa,  and  generally  some  phosphortis,  sulphur,  aluminum,  and  calcium.  It 
is  fusible  at  a  glowing  white-iieal,  is  britilo,  and  can  neither  bo  forged  or 
welded.  The  proportion  of  carbon  in  different  varieties  of  oast-iron  varies, 
but  in  no  instance  does  it  exceed  5  per  cent.  Tlie  proportion  of  aihoa  varies 
from  3-0  to  0'25  per  cent 

In  commerce,  two  varieHes  of  caat-iron  are  reeognized,  viz.,  white  and 
gray  metaL     The  former  contains  more  carbon,  and  is  harder,  more  brittle. 
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and  more  fiisiUe  fiian  the  latter.  It  U  also  eharactemed  by  a  silvery  wliile- 
jiess,  and  a  lamelar  cryBtalline  fracture.  Gray  metal,  on  tlie  contrary,  is  very 
aofl,  dark  in  color,  and  of  a  granular  texture;  it  admits  of  being  tiled  and 
drilled  with  case,  which  while  metal  does  noL  If  white  iron  bo  melted  and 
allowed  to  eooi  very  gradually,  a  portion  of  its  carbon  crystallizes  out  as 
graphite,  and  gray  cast-iron  is  produced.  The  gray  metal  is  beat  adapted  for 
castings,  and  tlie  white  for  the  manufeoture  of  bar  iron  and  ateeL 

576.  Smelting  of  Iron . — The  operation  of  smelting  iron,  or  tlis 
reduction  of  its  ores  to  a  melaliic  state,  ia  ef  Pell 

l.'Cted  through  the  agency  of  the  blaal>fur 
naca,  which  is  a  tall,  chimney-Uke  structure 
constructed  of  atone  in  a  conical  form,  and 
Imcd  upon  the  interior  with  the  most  rcfrac 
tory  Bre-hriek.  Its  internal  cavity,  repre 
seuted  in  section  in  Fig.  191,  resembles  in 
shape  a  long,  narrow  funnel,  inverted  upon 
the  mouth  ot  another  sliortor  funnel,  and  ia 
divided  into  the  central  portion,  b,  called  tlie 
sluift ;  the  boshes,  e,  or  the  part  of  tlie  lur 
naee  sloping  Inward ;  the  crucible,  t,  and  the 
hearth,  h.  The  top,  or  mouth  of  the  farnaee 
serves  both  fur  charging  it,  and  for  the  es- 
cape of  gnsca.  A  steady  and  intense  he: 
maintained  by  means  of  strong  blasts  of 
flriven  into  the  fiimaee  by  powertul  blowing 
apparatus  through  a  number  of  bhi8t>pi 
or  tuyeres,  a  a,  at  its  base.  The  amount  of 
air  tlius  supplied  exceeds,  in  some  hirge  furnaces,  1''  000  cub  c  feet  p  r  mm 
nte.  It  was  fbrmerly  the  practice  to  use  the  a  r  at  ord  nary  temperatures 
(cold  btnst),  but  within  a  comparatively  rec  nt  period  the  production  of  ron 
has  been  very  greatly  cheapened  and  increased  by  I  eat  ng  tl  e  a  to  a  tem- 
perature  of  about  600°  F.  befbre  it  enters  the  fiin  ice  (    I  hi  st) 

At  the  commencement  of  operations,  the  fi  rn  oo  is  h  t  h  atid  v  tl  coal 
only,  for  about  24  hours,  in  order  to  raise  it  to  th  prop  r  ten  peratu  o  but 
when  working  regularly,  it  is  charged  alternately  with  coal  and  a,  mixture  of 
ore  and  limestone  broken  int«  small  pieces,  unUl  it  is  completely  Oiled  with 
successive  layers  of  fuel  and  of  ore.  The  ore  before  smelting  is  generally 
roasted,  or  heated  separately,  in  order  to  expel  from  it  water  nod  earbonio 
add,  and  render  it  dry  and  porous.  The  limestone  added  servos  as  flux — 
that  is,  it  renders  the  ralica,  clay,  and  other  Ibreign  matters  associated  with 
the  ore  readily  Risible — lbrinii;ig  a  dark-colored  glass  termed  "slag."-  As 
soon  as  the  ore  lias  become  thoroughly  ignited,  its  oxygen  unites  with  (ho 
carbon  of  the  fuel  to  form  carbonic  oSyd,  while  the  metal  fuses,  and  together 
with  the  slag  flows  down  to  the  bottom  of  the  fiirqace.    B!ere  (lie  slag,  beiu^ 
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the  lightest,  flo  .ts  upon  tlie  top  of  the  melted  metal,  and  Tram  time  to  time 
is  raked  off  tlirough  apurturea  contrived  for  the  parposo— the  iron  being 
drawn  off  by  openings  at  a  lower  level.  Aa  the  contents  of  the  furnaee  are 
removed  thjni  below,  or  consumed,  fresh  materiais  are  supplied  from  above, 
8o  that  the  process  of  smelting  goe*  on  unintemiptedly,  day  and  night,  fbr 
yeare,  or  until  the  fornaoe  requires  repair,  iTio  melted  iron  drawn  off  from 
the  blast  furnace  is  run  into  rudo  molds  of  sand,  and  when  solidified  consti- 
tutes crude  cast-iron,  or  tlio  pig-iron  of  (ommerce. 

5T7.  Malleable,  or  Bar  Iron,  is  cast-iron  deprived  of 
its  carbon  and  other  impurities.  It  is  not  fusible  at  a 
white  heat,  and  may  be  foi^d  and  welded. 

The  manufiicture  of  bar-iron,  or  the  purification  of  the  erode  pig-iron,  is  ef- 
fedWd  by  exposing  cast-metal  to  the  regulated  action  of  oijgen  at  a  high 
temperature,  whereby  the  carbon,  and  other  oxydizibio  impurities  which  it 
contains,  are  burnt  out  of  it,  and  the  iron  left  pure.  The  details  of  the  process 
are  essentially  aa  follows : — the  crude  pig-iron  is  Gmt  remelled  and  suddenly 
cooled,  by  which  it  loses  a  part  of  its  carbon  and  silica,  and  is  rendered  white, 


crystalline,  and  exceedingly  hard.  In  this  state  it  is  known  as  fine  metal 
Uroken  into  iragmcuts,  it  is  next  introduced  in  charges  of  about  600  lbs.  weight, 
into  a  kind  of  reverberatory  furnace,  called  a  puddling  furnace,  and  again 
melted.  The  workmen  tlien,  by  means  of  long  iron  bai-s,  stir  np  (puddle)  the 
fused  mass,  and  thoroughly  expose  it  to  the  inlluenco  of  the  heated  air  cireu- 
laling  above  it  (See  Fig.  195.)  As  the  operation  proceeds,  the  metal  passes 
from  a  liquid  to  a  pasty  condition,  emits  blue  Jlames  (carbonic  okj^),  gradn- 
ally  grows  tough  and  less  plastic,  and  finally  becomes  pulverolent.  At  this 
point  tlie  heat  is  raised  txi  the  highest  Intensity,  and  air  is  carefully  excluded 

DaioTilie  the  first  step  of  the  proi»aa 
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by  closing  the  farnaoe.  Alter  a  time,  the  metal  Boftena  sufficiontly  to  enable 
Ihe  pudiUer  to  collect  it  in  balls  (called  blooms),  upon  tho  end  ot  »n  iron  bar, 
which  are  then  withdrawn  ftom  the  fomace,  and  aubjected,  whQo  in  a  state 
of  intense  heat,  to  the  action  of  a  mas^ve  hammer,  moved  bj  machinery.  A 
melted  slag  (silioat^  of  the  oxyd  of  iron)  is  thus  forcibl;  squeezed  out  of  the 
metal,  and  the  particles  of  ucd  are  brought  nearer  te  each  odicr.  The  iron  is 
then  fe^ioned  into  a  bar,  by  passing  it  between  grooved  rollers ;  and  the  bar 
tlius  obtained  is  cut  inio  lengtlia,  piled  up  in  a  reverberat«ry  furnace,  reheated 
and  re-rolled.  For  the  best  qualiiiea  of  iron,  tliis  process  of  doubling  upon 
itself  reheating  and  re-rolUng,  is  repeated  several  times,  in  order  to  render  the 
flbeia  of  the  iron  parallel  to  each  other — an  arrangement  which  greatly  in- 
creases the  tenacity  of  tlie  metah  These  operations,  when  properly  per- 
formed, free  the  hon  fiora  all  but  mere  traces  of  the  impurities  contained  in 
tlie  crude  metal  The  complete  separation,  however,  of  phosphorus  and  sul- 
phur, when  present,  is  a  mutter  of  great  difficulty ;  and  those  two  elements, 
above  all  others,  are  the  most  injurious  to  iron — rendering  it  brittle  and 

518.  Malleable  Iron  Cast  in  gs.— Small  articlesofcaal-iron,8uch 
as  stirrups,  bite,  door  latches,  etc.,  may  be  rendered  malleable  in  a  dqajee,  by 
clo^ly  packing  them  in  powdered  heniatito  (peroxyd  of  iron)  in  tight  flre- 
biick  cases,  and  suhjecting  them  to  a  red  heat,  in  what  is  ealled  an  annealing 
furnace,  for  a  period  cf  time  varying  from  sis  to  ten  days,  finally  allowing 
them  to  cool  slowly.  In  this  case,  the  character  of  the  iron  is  changed,  by 
a  removal  oTa  part  of  its  carbon,  through  the  agency  of  tlie  oxygen  of  the 
pondered  hematite.f 

579.  Steel  ia  a  chemical  compound  of  carbon  and  iron— 
acarburet  or  carbide  of  iron' — containing,  however,  a  much 
less  proportion  oi  carbon  than  cast-iron. 

The  quantity  of  caroon  in  good  steel  varies  between  O'T  and  1-7  per  cent; 
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bj  czpoaing  il,  b  a  moltsd  conditjon  on  tbe  hearth  of  a  (umocc,  to  t\\e  actEon 
(ja  current  of  air;  tlie  oxygen  of  the  air  bums  off  n  portion  of  the  carbon 
Qrom  the  cast-iron,  and  aCoel  remaius.  The  preparation  of  naturai  ateei,  thoro- 
fore,  ia  an  intermedial*  atago  in  the  cunveraiou  of  east  into  wrought-iroiu 
Steel  thus  obt^nsd  is  of  an  inferior  quality,  and  is  used  tbr  making  cheap 
andcoaiso  instruments.  The  best  qualities  ofstcct  are  obtained  by  a  process 
called  cetaenlaiion,  whicli  is  an  operation  juat  tlio  rerorso  of  that  by  wliicli 
natural  steel  is  formed.  It  consists  in  unbeildiug  bars  of  the  best  refined  mal- 
leable iron  in  powdered  charcoal  contained  in  large  boxes  of  fire-brick  in  sucli 
a  way  that  all  aocesa  of  air  iVom  witbont  is  entirely  excluded.  The  boxes 
are  then  subject'^,  in  a  furnace,  to  a  most  intense  boat,  for  a  period  vaijing 
from  five  to  ton  days,  during  whicb  time  the  carbon  of  the  charcoal  completely 
penetratj;s  tlio  mass  of  the  iron,  and  converts  it  into  stecL  Tlio  steel,  when 
withdrawn,  has  a  peculiar,  rough,  blistered  appearance,  and  is  henco  known 
03  blistered  steeL  Small  bars  cf  blistered  steel,  made  into  la^ots  and  welded 
together,  at  a  hi^  temperature,  under  a  tilting,  or  trip  hammer,  forms  "tiited 
steel;"  this,  broken  up,  reheated,  and  re-welded,  forms  "  shear  tied,"  so  called, 
because  It  was  originally  thus  prepared  tbr  making  shears  to  dross  woollen 
cloth.  The  quality  of  the  steel  Is  greatly  improved  by  these  successivo  pro- 
cesses of  reheating  and  re-hammering.  Cu^t  sted  ia  prepared  by  meltjnff 
blistxtred  Steel,  easting  it  into  ingots,  and  then  drawing  it  iclo  bat's  under  the 
hammer ;  it  is  tlio  most  porfuct  variety  of  steel,  and  is  employed  for  all  fine 
cutlery. 

Case-hardonlng . — It  is  sometimes  desirable  to  convert  articles 
manufactured  from  soft  iron  superfidally  into  slcel ;  this  is  tenned  case- 
liardening,  and  is  usually  performed  by  heating  them  for  a  short  time  in 
contact  with  powdered  charcoal,  or  sprinkling  their  surGices  when  red-hot 
with  powdered  ferrocyanide  uf  potassium. 

680.  The  chemical  chajiges  which  take  place  in  the  conversion  of  bar-iron 
into  steel  are  obscure,  and  it  is  somcwliat  doubtlUl  whether  we  yet  fully  un- 
derstand the  exact  compo^tion  of  steel  The  most  recent  researches  seem  to 
indicate  that  nitrc^en  ia  a  constituent  of  all  steel,  and  tliat  its  presence,  to- 
gether with  carbon,  is  essential  to  ils  formation.  The  finest  stee!  known, 
called  Wootz,  is  produced  in  a  very  rude  tvay  by  the  natives  of  India,  and  is 
used  lor  the  mannfacturo  of  the  celebrated  sword-blades  of  the  East.  The 
moat  experienced  English  manufacturers  are  "unable,  with  nil  their  resources, 
to  produce  steel  of  an  equal  quality,  aud  its  peculiar  excellence  has  been  at- 
tributed by  I'rofeasor  Faraday  to  Uio  presence  m  its  composition  of  a  small 
quantity  of  aluminum.* 
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581.  PropertLcs  oT  Sto  el. —Steel  is  lesa  fusible  tlim  cast-iron, 
and  more  so  tliaii  bar-iron.  Ita  most  remarkable  propeny  cousistB  in  ita 
power  ot  assuming  a  harduess  scarcely  inferior  to  tliat  of  the  diamond  by 
lieating  to  redness  and  then  suddenly  cooling  by  immersion  in  cold  water; 
by  this  treatment  it  is  also  rendered  extremely  brittle  and  almost  perfectly 
elastic  By  raheallag  tlio  atoel  and  allowing  it  to  cool  slowly,  it  agaia  be- 
comes nearly  aa  soft  as  ordinary  iron,  and  between  tliese  two  extremes  any 
required  degree  of  harduosa  may  be  attained.  In  worlting  steel,  the  articles 
are  first  flniahed  in  a  soft  state,  and  afterward  hardened ;  tliey  are  then  tem- 
pered, or  raised  to  such  a  temperature  as  is  requisite  to  give  them  the  degree 
of  aoftjioss  and  ehistiiaty  required.  The  workman  easily  cstimateB  tliis  tem- 
perature by  observing  the  color  of  the  tliin  film  of  oxyd  which  appears  upon 
the  surfece.  Tlius,  a  light  straw  color  indicates  tlie  degree  of  heat  requi- 
site for  tempering  razors;  a  deep  yellow,  that  suitablo  for  scissors,  pen- 
knives, etc. ;  ivbilo  Bword-bladcs,  watch-springs,  and  instrumenta  demanding 
great  elasticity,  must  bo  exposod  to  a  much  higiior  degree  of  heat,  or  until 
tlicir  surfaces  acquire  a  deep  blue  color.  These  various  changes  in  the  color 
of  steel  may  be  illustrated  by  boating  a  polished  Btuol  kuittmg-needle  in  the 
flame  of  a  spiiit-lamp. 

SECTION    II. 


582.  fflaDganese. — Equivalent,  21 -Q;  Symhol,  Mu  ;  »^e- 
cific  gravity,  8. — Mctaliic  manganese  is  a  grayish-white 
metal,  resembling  some  varieties  of  cast-iron. 

It  is  extremely  brittle,  and  so  hard  that  it  is  not  scrat*;hed  by  a  file ;  a 
ttagmont  act  at  a  sharp  angle  may  be  even  subs^tuted  m  tlie  place  of  the 
diamond  fbr  cutting  glass.  It  is  suseoptiblo  of  a  vei7  high  polish,  and  at  or- 
dinary temperatures  in  the  ^r  is  not  readfiy  oxydized.  It  disaolvea  easily 
in  acids.  Ko  practical  application  has  ever  been  made  of  tiiis  metal,  and 
previous  to  its  investigation  by  Brunncr  in  13a7,  very  erroneous  ideas  of  its 
properties  were  generally  entert^ned.  It  is  now  believed  to  possess  a  high 
economic  value,  especially  as  an  element  of  certain  alloys.  Ita  preparation 
Is,  however,  diCQcult 

Manganese  is  not  found  in  nature  as  a  metal,  but  as  an  oxyd  it.  is  very 
widely  difiUsed  in  the  mineral  kingdom.     Traces  of  it  are  very  frequently 

carbon.    In  icoordance  irlth  thia  view,  a  thoory  has  been  proposed,  that  the  fine  cutH-J! 
pTopertieBof  Kateel  blade  tre  duo  to  amiDnte  foroi  of  dbimond  Imbedded  in  tbe  edgei 
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found  in  tlio  aahoa  of  plants,  and  in  river  and  lake  waters.  The  dark,  metal- 
lic-like discoloration  whioli  may  ba  often  noticed  on  slones  and  pebbles  in 
the  beds  of  atreaina  flowing  over  igneous  rocks,  is  due  in  great  part  to  a 
coating  of  oxjd  of  manganese  deposited  from  the  water.  The  most  impor- 
tant and  valuable  ore  of  manganese  is  the  black  oxyd,  also  known  as  the 
poroxyd,  or  binoxyd,  MiiOt  Itis  found  abundantly  at  Bemiinglon,  Vermont, 
and  in  many  other  localities  in  Uio  United  States. 

Seven  diflcrent  osyds  of  manganese  are  described,  the  two  "highest  of  wliidl 
possess  acid  properties,  and  are  termed  mang^inic  and  permanganic  acids. 
Manganic  acid  is  known  ooly  in  combination  with  potash,  with  which  it  ibrms 
a  salt — manganato  of  potasli — possesang  some  very  curious  properties.  It  is 
best  prepared  by  intimately  mising  i  parts  of  finely-powdered  peroxyd  of 
manganese  with  3}  parts  of  chlorate  of  potash  ;  5  parts  of  hydrate  of  potash 
dissolved  in  a  small  quantity  of  water,  are  then  aJded  to  the  mixture,  which 
evaporated  to  dryness  and  heated  to  dull  r^ness  for  an  hoar  in  an  earthen 
crui^ble,  yields  a  dark  green  mass.  Tliis  dissolved  in  water,  gives  at  first 
au  emerald-green  solution,  Tmt  the  color  almost  immethately  and  successively 
changes  to  dark-green,  blue,  purpk,  and  finally  to  crimson.  The^  changes 
of  color  are  occasioned  by  a  decomposition  of  manganale  of  potasli,  which  is 
hence  oflen  called  chameleon  mineral;  the  final  red  color  retained  by  the  so- 
lution is  due  to  the  formation  of  permanganic  acid,  wliicli  is  comparatively  a 
stable  compound. 

The  salts  of  manganese  are  characterised  by  a  delicate  roscHX>lor,  which  ia 
espedally  noUcL'ablo  in  crystals  of  the  sulphate.  The  chief  uses  of  the  com- 
pounds of  manganese  are  chemical,  tlie  black  oxyd  being  extKtnsivt  ly  employed 
to  decompose  muriatic  ai^d,  and  fiirnisli  chlorine  (§  350) ;  it  likewise  supplies 
the  chemist  with  his  cheapest  source  of  oxygen,  and  is  used  as  a  coloring 
mateiM  in  the  manufacture  of  glues  and  enamels. — Miller. 

583.  Chiomi am. —Fq-nvaknt,  26-4  ;  S)/7nhoI,  Cr.— Chro- 
mium is  found  only  as  an  oxyd  in  nature,  and  althoiigli 
abundant  in  some  localities,  ia  very  sparingly  distributed 
over  tho  earth.  The  metal  itself,  which  is  obtained  with 
difficulty,  is  grayish -white,  brittle,  and  is  extremely  hard; 
it  also  resists  the  action  of  the  strongest  acids. 

The  most  abundant  ore  of  chromium,  is  a  compound  of  protoxyd  of  iron 
and  sesquiosyd  of  chromium, — known  as  "  dirame  iroti."  It  ia  found  raoro 
abundantly  in  the  United  States  than  elsewhere,  especially  In  the  vicinity 
of  Baltimore,  and  at  Lancaster,  in  Pennsylvania. 

Almost  all  the  compounds  of  chromium  are  characterized  by  very  beautiful 
colors,  and  are  bonce  highly  valaed  in  the  arts  as  materials  for  paints,  for 

tLea  uf  chromium  F    Wbut  h  itci  priudpal  oru  F    For  wliut  are  tbeconipoundHDrclLrumima 
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dj  e  ng  fabrics,  and  !br  coloring  glass,  porcelain,  enamels,  etc.  Oxyd  o( 
cbron  am  is  the  coloring  ingredient  of  tiie  emeraid,  of  tlie  green  varieties  of 
eerpont   e  and  probably  also  of  the  ruby. 

Chrom  um  is  prepsred  for  use  in  tlie  aria  by  fusing  the  pulverised  ore, 
chrome  ron,  with  nitrate  of  potash  (saltpeter) ;  by  this  treatmeut  the  chro- 
mmiD  absorbs  oxygen  and  becomes  eonverteil  inlo  an  add— chromic  add — 
which  aniles  with  tho  potash  of  the  niter  to  form  a  yeilow  aaltj  the  chromata 
of  potash,  KOiCrOs.  By  adding  solphmic  acid  to  a  solution  of  cliromats 
of  potasli,  we  remove  oiio  half  the  base  and  form  a  new  salt — bi-cbromate 
of  potash,  KO,  2Cr03— which  crystallizes  in  beautiful  red  tables,  and  furnishes 
tlio  source  flurn  whence  most  of  the  other  compounds  of  chromium  are  pre- 
pared. It  is  also  in  tiie  form  of  this  salt  tliat  chromium  la  best  known  as  an 
article  at  tcmmcrce. 

684.  Chremate  of  Lead,  P b 0 ,  C 1 0,.  —  Chrome  rdtow.  — By 
addii^  a  solution  of  bi-chronmte  of  potash  to  a  solution  of  acetate  of  lead,  we 
obtain  a  beautiful  yellow  preeipitato  of  chromate  of  lead ;  this,  washed  and 
dried,  constitutes  the  well-known  pigment,  chrome  ydtow.  By  mixii^  chromo 
yellow  with  white  substances,  such  as  chalk,  claj',  etc.,  numerous  other  almdoa 
of  yellow  are  obtained,  as  Paris  yellow,  king's  yellow,  etc;  but  by  mixing  it 
■with  Prussian  blue,  a  variety  of  cheap  green  pigments  are  formed,  as  Na^es 
green,  olive  green,  etc 

685.  Chromic  Acid,  CrOj,  is  readily  prepared  by  mixing  4  mea- 
sures of  a  ooM  saturated  solution  of  bi-diromate  of  potash  with  5  of  o!l  of  vit- 
riol; as  the  liquid  cools,  chromic  acid  is  deposited  in  tho  form  of  beautiful 
crimson  needles.  The  mother  liquor  is  tlien  poured  off,  and  the  crystals 
allowed  to  dij  on  a  porous  brick,  closely  covered  with  a  bell  glass ;  since  they 
decompose  instantly  by  contact  with  organic  matter.  When  chromic  acid  is 
brought  in  contact  with  alci^ol  or  ctlier  it  imparts  to  these  substances  a  por- 
tion of  its  oxyyen,  and  the  intons  ty  of  the  ehom  cal  action  occasioned,  pro- 
duces an  immediate  ignition.  Tl  s  may  be  illusUated  by  projecting  a  small 
quantity  of  chromic  a^id  upon  a  little  aJcol  ol  or  ether  contained  in  a  tum- 
bler. 

If  wo  mix  in  a  small  mortar  as  mi  h  hrom  acil  as  can  be  taken  upon 
tho  point  of  a  knife,  with  about  one  q  arfer  as  mu  h  of  powdered  camphor 
(witliout  pressing  upon  it  stronglj )  and  tl  en  let  f  II  into  the  mortar  a  lew 
drops  of  alcoliol  from  a  considerable  he  ^ht  mstantaneous  ignition  and  de- 
flagration ensues — like  the  burning  of  gi  npowder  The  residue  in  the  mortar, 
after  the  deoompo^tion,  is  sesquioxyd  of  chrom  um,  w  h  ch  presents  the  appear- 
ance of  an  elegant  green,  mossy  vegetation. — brocLH.iRT. 

rhrnmate  of  potash  r    wiut  is  chrome  yellow  ?    How  ia  chromic  acid  prepared  t    Wbal 
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586.  tobaU.— Equivalent,  29-5,  Symbol,  Co. — Cobalt  ia 
a  rt;ddiah-gniy  metal,  which  is  never  Ibmid  in  nature  in  a 
metallic  state,  except  aa  a  cunatituent,  iu  amall  propor- 
tiona,  of  moteoric  iron, 

Oxyd  of  cobalt  is  remaikable  ftir  tho  magnificent  blue  color  it  communicates 
to  glass,  and  also  to  porcelain.  Ttiia  may  be  illustrated  by  moistening  a  Etnall 
bead  of  borax  glass  witli  a  solution  of  nitrate  of  cobalt,  and  tlieii  fuaog  it  in 
the  flauiD  of  a  blow-pipe.  TUe  substance  called  sintiil  is  a  glass,  colored  bluo 
by  osyd  of  cobalt,  and  then  finely  pulverized ;  it  was  formerly  much  used  aa 
a  pigment,  especially  in  the  manulhcture  of  blue  writing-paper ;  but  is  now 
almost  entirely  superseded  by  the  cheaper  ullramarine. 

587.  Sympathetic  I.nks.— The  eliloride  of  cobalt,  OoCl,  is  easily  ob- 
tained by  dissolving  osyd  of  cobalt  in  hydrochloric  acid ;  the  solution,  evapor- 
ated to  small  bulk,  yields  ruby  .red  crystals,  wMc!i  are  freely  soluble  in  water. 
The  liquid  resulting  &om  tiieir  aqueous  solution,  is  of  a  deep.blue  color  when 
concentratetl,  but  when  diluted,  is  pink.  In  this  httter  condition  it  may  l>o 
used  as  a  sympatheUo  ink;  charaoters  written  on  paper  witli  it  are  invisible, 
from  tlieir  paleness  erf  color,  until  the  salt  has  been  rendered  anhydrous  by 
exposure  to  heal,  when  the  letters  appear  blue.  When  the  paper  is  hud 
aade,  moisturo  is  again  absorbed  by  it,  and  the  writing  once  more  disappears. 

588.  tihkiil.—Uqmvaknt,29-6;  -%m5o;,  Ni,— Nickel  is 
a  brilliant,  ailver-whito  metal,  extremely  ductile,  and  more 
fusible  than  iron.  It  occurs  in  nature  associated  chiefly 
with  araonie,  sulphur,  and  cobalt ;  but  its  ores  are  by  no 
means  abmidiint.  It  is  alraoat  always  found  native  in  me- 
teoric iron,  sometimes  in  a  proportionof  10  per  cent. 

The  salts  of  nickel  are  of  a  delicate  green  color,  both  when  in  a  solid  state 
and  when  in  solution. 

The  chief  use  of  nickel  Is  in  the  manuracture  of  German  silver,  which  is  a 
white,  malleable  alloy,  consistii^,  in  100  parts,  of  51  parts  of  copper,  30S  of 
zinc,  and  184  of  nickel — the  latter  clement  impartmg  to  tlie  alloy,  when  pol- 
islied,  a  silver-like  appearance. 

539.  General  Properties  of  Cobalt  and  It  i  c  k  e  I .— Hiese 
two  metals  are  oapecially  remarkable  from  tho  circvimata,QCo,  that  they  almost 

of  eobaltt    What  Is  smalt  (    What  It  ByiniJiitheUo  Inlcl    WllBtlaBsld  of  the  properlial 
■nddlstrlbuUnn  nr  niclicir    Wtiat  of  lU  s^U!    What  of  its  uks  {    What  is  Geiman 
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always  occur  associated  together  ia  nataro,  have  nearly  tlio  same  chemical 
eqiiivalcut,  and  agrea  very  closely  id  their  cliemical  properties.  Tliey  are 
also  the  only  metals  beside  iron  wliich  are  readily  susceptible  of  magnetism. 

SECTION    IV. 


590.  Zint,  —  Equivalent,  32'5  ;  symbol,  Za;  specific 
gravity,  6-8  to  7. — Zinc  is  not  found  native,  but  its  ores 
aro  somewhat  abundant. 

TliB  most  important  of  lis  or.^s  are  the  carlionate  of  zitio,  called  calamine; 
the  red-OKjd  of  zinc,  found  in  great  purity  and  quantity  at  Sterling,  New 
Jersey ;  and  a  sulphide  of  zinc,  called  hlandv — the  latter  being  usually  dissoci- 
ated with  ores  of  lead. 

591.  Properties . — Zinc  is  a  hard,  bluish-white  metal,  which  exliihits 
a  crystalline  fracture  when  broken.  It  is  brittle  at  ordinary  temperatures, 
bat  lielweon  200°  and  300°  F.  acquires  considerable  malleability  and  due- 
Hlity,  and  may  be  rolled  and  wrought  with  ease  ;  it  ia  a  rery  Angular  feet 
that  zinc  so  treated  retains  its  malleability  when  cold,  and  it  is  in  lliis  way 
that  tlie  ordinary  Bheot>zino  of  comment  is  manufactured.  At  a  temperaturo 
of  400°  it  again  becomes  so  brittle  as  to  admit  of  being  pulverized  in  a  mor- 
tar. -At  770°  it  melts,  and  at  a  bright  red  heat  it  ia  volatilized.  If  its  vapor 
be  brought  in  contact  with  ah*,  it  burns  witli  a  splendid  green  t^ht,  and  is 
converted  into  oxyd,  which  fells  in  copious  wliite  flaltes,  ancienllj  called 
"philosopher's  wool."  Zine,  when  exposed  to  a  moist  atmosphere,  soon 
tarnishes,  and  becomes  covered  with  a  thin  fllm  of  oxyd,  which  protects  tho 
metal  beneath  from  any  fuither  cliange.  This  property  renders  zinc  valuable 
for  a  great  variety  of  economic  purposes. 

By  reason  of  the  volatility  of  lunc  at  high  temperatures,  it  is  reduced  from  its 
ores  by  aprdoess  ofdisUlIation  rather  than  smelting.  This  is  elTected  by  heat- 
ing a  miiture  of  pulverized  ore  and  coal  in  earthen  retorts,  and  condenang 
the  evolved  vapors  over  water,  or  in  receivers  from  whence  free  access  of  air 
ia  excluded.  Tho  zinc  of  commerce  always  confcuns  impurities,  generally 
iron  and  lead,  and  sometimes  arsenic 

682.  Galvanized  Iran  is  sheet-iron  coated  with  zinc.  It  is  prepared  as 
foliowa :  the  iron  is  first  immersed  in  dilute  sulphuric  acid,  to  remove  all  scale 
or  oxyd  from  its  suifaoe,  and  then  plunged  into  a  bath  of  molten  dne,  cov- 
ered with  sal-ammoniac  The  use  of  the  latter  substance  is  to  dissolve  off 
any  adhering  film  of  oxyd  from  the  iroii,  as  a  complete  union  of  the  two 
roetala  will  not  occur  unleiss  the  surface  of  llie  iron  is  chemically  clean.  The 
thin  coating  of  zine  which  adheres  to  the  iron  renders  the  latter  metal  nega- 
tively electric,  and  prevents  ita  oxydation  or  rusting.     (§  247.) 
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593.  Osyd  of  ZiDC,  ZaO.—Zi«e  IPftite— Zin;  Cirras  onlj- one  com- 
pouuii  with  oxygen,  which,  wlien  pure,  is  a  wliil«  powder.  Mised  witli 
(Irj'ing  oila,  it  is  much  emploTed  as  n  wliite  piuut,  under  the  nams  of  zinc- 
wliite,  33  a  Bubfilitute  lor  wbite  lead  j  it  waats,  however,  the  opacity  and  dead 
wljiteuesa  lor  whioh  white  load  is  so  moch  yalucd  ;  but  has  the  advaDlago 
of  not  Wackuoing  by  tho  aotion  of  aulphuriftted  hydrogen,  and  of  not  being 
deleterious  to  tho  liealll]  of  the  workmen.* 

Sulphato  of  zinc,  ZiiO,S03,  constitutes  Oie  wbito  -vitriol  of  comraerce ;  it 

used  medicinally  In  small  doses,  and  also  in  the  operations  of  calico  printing. 

The  sails  of  zinc  are  colorless,  atid  act  powerfblly  and  rapidly  as  emetics. 

594.  CadiDium)  Cd,iaa  white  metal,  resembling  tju  in  appearanec, 
Ijut  allied  lo  Kino  in  its  properties.  It  is  usually  found  in  very  small  quanti- 
ties aceumpanyicg  the  ori^s  of  zinc,  and  has  nu  practical  value  Id  the  arts. 


SECTION    T. 


595.  Lead.— S;i!!tnrfen(,  1035;  .?i/m6o(,  Pb  {Plvimbum);  Specijk  gravity, 

11-41. — Lead  is  rarely  found  native,  but  its  ores  are  most  abuu- 

7m.  1  nil.        dant.  Almost  all  the  lead  ofcommerce  is  obtained  from  {/aJnia, 

the  sulphide  of  lead,  PbS,  an  ore  which  occurs  in  bouud- 

B  profaaion  in  the  United  States,  especially  in  Missouri. 

The  reduction  of  the  metal  is  easily  effected  by  crushing  the 

■B  and  subjecting  it  lo  a  moderate  heat  in  a  reverberatoiy 

furnace.     Galena  always  contains  a  proportion  of  bJoti", 

wiiich  is  sometimes  so  abundant  tliat  the  ore  la  worked  (or 

this  metal  mllier  tlian  ibr  the  lead.     When  the  galcni  ol 

curs  in  bold,  well-cliaractorized  cubes  (see  Fig.  196),  the  contained  lead  ia 

■  Zinc-wbtte  is  nt  present  extensivelr  manufactnred  from  the  red  tine  ore  found  nE 
Sterlings  New  JerBey,  hy  an  e5C«edlnt'1y  IntErewliU];  and  Elmple  proceasl  TKe  ore,  pul- 
^^riz-d  And  Diised  wIlJL  coal,  ts  hebted  In  Lu*;^  oven -shaped  relviis  of  hr[t:k,  to  each  ikf 
•rhlch  >  wide  pipe  of  she et-lron  is  fltted ;  tbt«e  extend  tbrougb  tbe  furauw  «h1I  and  mn- 
neel  witb  k  very  lai^  horizontal  lube,  tbrou^  which  k  current  nf  a[r  is  kept  moving  by 

air  tbroggh  tbe  oonlinoatlon  of  tbe  lube  to  a  chaiafcer,  where  It  falla  tu  delicate  powder. 

Oiyd  of  zfno,  in  comHnalion  with  chloride  of  zinc,  has  recently  been  applied  to  pro- 
ducing a  Jastrona  hard  flnlEh  to  the  walla  of  rooma,  in  the  place  of  plaster  of  Paris.  >. 
coat  ofoiydofiincmlied  with  Bize,  and  made  »p  like  a  wash,  la  first  laid  on  the  wall, 
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usually  nearly  pure ;  but  a  mineral  whioh  will  yield  0'3G  par  cent,  of  silver, 
or  120  ounoeB  to  tlie  ton,  is  cooeidercd  extremely  rich.* 

536,  Properties. — Leud  ia  a  soft,  bluish-graj'  raotal,  wliidi  maybe 
rolled  into  tolerably  thin  slieets,  or  drawn  into  wiry ;  ita  tenacity,  however,  ia 
very  feelile.  ]t  fuses  at  620"  P.,  and  oontrauts  conaderably  at  tJie  niomcut 
of  ila  solidification,  which  circunisCance  renders  it  unsuitable  for  caaliogs.  At 
a  temperature  above  rcd-hoat  it  is  somewliat  volatile 

The  surface  of  a  piece  of  lead,  when  freshly  cut,  presents  a  high  mclallio 
luster,  but  it  KooB  tarnishes  by  exposure  to  tlio  air,  owing  to  the  formation  of 
a  thin,  closely-adherent  film  of  osyd,  which  protects  the  melal  fiom  further 
cliange.  In  a  porfoctly  dry  atmosphere,  lead  undergoes  do  alteration,  and 
even  when  sealed  up  in  a  vessel  of  pure  water,  fi^e  IVom  air,  the  metal  will 
retain  its  brilliancy  tbr  an  indefinite  period  j  but  if  it  be  exposed  to  the  united 
action  of  air  and  pare  water,  it  is  subject  to  a  powerllii  corrosion. — Millbb. 

&3T.  Lead,  when  taken  into  tlio  system  in  any  soluble  Ibnn,  Is  a  dangerous 
poison;  its  effeets,  moreover,  do  not  generally  manifest  themselves  immedi- 
ately, but  ^e  ptHson  accumulates,  and  produces,  often  after  the  lapse  of  years, 
a  number  of  different  and  distressing  ftims  of  disease,  such  as  colic,  paralysis, 
etc  The  action  of  water  on  lead  is,  therefore,  a  matter  of  great  importance 
ui  a  sanitary  point  of  view,  since  tliis  ractai  is  extensively  employed  in  cis- 
tema  and  pipes,  Ibr  the  stor:^  and  supply  of  watw. 

The  action  of  different  waters  on  load  varies  considerably.  'Waters  which 
are  very  pure  and  hfehly  aerated — waters  which  contain  nitrates,  chloridos,  or 
organic  matter,  as  those  flowing  from  the  vicinity  of  barn-yards,  manure 
heaps,  or  from  swamps  and  fields,  all  dissolve  lead  from  tlio  pipes  llirough 
which  they  pass ;  and  the  constant  use  of  such  waterEt,  in  the  process  of  time, 
will  introduce  snfBdent  lead  into  the  system  to  produce  disease.  Waters,  on 
the  other  hand,  wliich  contain  sulphates,  carbonates,  and  phosphates,  exert 
but  comparatively  little  action  on  load.  Bi-carbonate  of  lime  is  especially  re- 
markable for  the  preservative  influence  which  it  exerts ;  and  as  this  salt  is  a 
Tory  common  impurity  in  water,  low  spring  waters  act  on  lead  to  a  dangerous 
extent  In  these  cases,  a  film  of  insoluble  carbonate,  sulphate,  or  phos- 
phate (^  lead,  is  formed  upon  the  surface  of  the  pipe,  and  all  lurther  ct 
prevent<-d.  Rain-water,  as  collected  from  the  roofe  of  houses,  is  fbr 
part  sufficiently  impure,  espedally  in  rfties,  to  prevent  its  action  on  li 
general,  however,  is  the  action  of  water  upon  lead,  that  it  is  rare  to 

*  So  Bioiill  a  qqintlt;  of  silver  as  three  or  four  ounceB  lo  s  ton  ;t  lesd.  n 
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wator  that  has  been  kept  in  contact  with  tliis  metal  for  a  considerable  period, 
which  does  not  contain  some  traces  of  it.  Stone  and  wooden  cisterns,  and 
tin,  iron,  or  wood  pipes,  aro  therefore,  greatly  to  l>e  preferred  to  lead.  Whera 
lead  service-pipes  are  used,  it  is  always  advisable  to  allow  the  water  to  run 
for  some  time  before  using. 

698.  OxydH  of  Lead. — Four  distinct  oxyds  of  lead  are  recognized,  the 
most  Important  of  whlcli  are  the  protoxj-d,  PbO,  and  the  pcroxyd,  PtiOj. 

Protoxyd  of  Lead,  Litharge,  Massicot,  PbO,  is  a  yellow  powder, 
usually  obtained  on  a  lai^  scale,  by  the  oxydation  of  molten  lead  in  a  ear- 
rent  of  air.  Its  production  may  be  lUuBtrated  by  fti^ng  a  small  piece  of  lead 
on  charcoal,  boforo  the  exterior  flame  of  a  blow-pipo.  The  melted  ]ead  osyd- 
nting,  is  at  first  conTcrted  into  a  grayish  powder — a  mixture  of  oxyd  of  lend 
and  mstallio  load — btit  by  oontimied  blowing,  Iho  gray  color  is  changed  into  a 
brilliant  yellow  ^titliarge.  This  osyd  of  lead  is  a  powerful  base,  and  is  ex- 
tonslTely  used  in  tlio  arts,  especially  in  the  glazing  of  pottery  and  the  manu- 
Eicture  of  flint  glass.  United  with  latty  acids  it  forms  insoluble  soaps  (tlio 
well-known  diachylon,  or  lead  plaster);  and  boiled  with  linsoed-oil,  it  consti- 
tutes a  varnish  much  used  by  cabinet-makers. 

Red-Lead,  or  Minlnii',  2  PbO.PbO),  ia  a  compound  of  pn?l> 
oxyd  and  peroxyd  of  lead.  It  is  fbrmod  by  exposing  protoxyd  of  lead,  for  a 
long  timi?,  to  tho  action  of  air,  at  a  temperature  below  Itismg,  It  posseses  a 
briUimt  red  color,  and  is  much  used  in  the  arts  in  the  manufiicture  of  glass, 
as  a  pigment,  and  for  the  coloring  of  red  scaling  wax  and  of  paper. 

599.  Carbonate  of  Load,  PbO,  C0^—W7tiie-L«Hi  — This  salt 
occurs  in  nature,  but  is  prepared  arliflclally,  In  immense  quantities,  for  use  as 
a  pMQt  Pure  carbonate  of  lead  is  a  soft,  white  powder,  msolublo  iu  water, 
but  easily  dissolved  by  dQuto  nitric  or  acetic  acids. 

Two  methods  are  in  use  for  making  white  lead.  One  of  these  consists  in 
dissolying  litharge  in  acetic  add,  and  precipitatmg  the  lead  as  carbonate,  by  a 
coircnt  of  carbonic  add  gas.  Tho  best  white  lead  is,  liowever,  made  by  a  pro- 
FlB.  197.  cesa  known  as  the  "  Dutch  method."     A  great  number  of 

small  eartlicn  pola  are  partially  filled  with  weak  vinegar, 
and  a  thin  sheet  bf  lead,  coiled  in  a  spiral,  placed  in 
"..     (Seo Pig.  197.)    The  pota  are  then  each  covered 
with  a  plate  of  lead,  and  arranged  in  rows  and  tiers,  one 
above  the  other,  to  the  he^ht  of  15  or  20  feet,  and  the 
5  whole  finally  covered  with  deeomposnng  stable  manure  or 
t  spent  tan.    Alter  the  lapse  of  several  months,  the  rolls 
Dad  are  faund  to  be  mostly  or  entirely  convcrttd 
,c  carbonate,  which  only  requires  washing  and  grinding  to  fit 
use.     The  theory  of  this  curious  process  is  as  follows:  the 
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heat  of  tho  decompoaing  dung,  etc.,  volaHlizea  a  porljon  of  tlio  vinegar,  as 
acclie  add,  and  under  tlie  influence  of  air  and  acid  fumes,  a  crust  of  acetate 
of  lead  13  formed  upon  tlie  bui^b  of  tlio  metal.  The  carljonic  acid,  goncralfld 
from  the  alow  decay  and  decomposidon  of  tho  materials  of  tho  liot-bed,  readily 
converts  this  salt  into  earbonalo  of  lead,  leaving  the  acetic  add  free  to  com- 
bine with  an  additional  portion  of  lead,  whidi  is,  in  turn,  agmii  decomposed; 
and  this  action  is  repeated  until  Oib  whole  of  tlio  lead  is  converted  into  a  car- 
lionate.  Wliite  load  is  largely  adulterated  witli  sulphate  of  baryta^  but  tha 
fraud  may  be  easily  detected  by  digesting  a  sample  In  nitric  or  acetic  acidi^ 
when  tho  baryta  will  remain  undissolved. 

600.  The  most  ready  Bolvent  for  lead  ia  nitric  acid ;  dilute  sulphuric  and 
hydroehlorio  acids  not  acling  upon  it  to  any  great  extent. 

Tho  preseDos  of  lead  in  aolution  may  bo  easily  detected  by  any  of  tlio  fol- 
lowii^  teals:  with  sulphuric  acid  it  forms  a  wliiW,  insolublo  precipilato— sul- 
phate of  lead;  with  sulpliuretlcd  hydrogen,  a 
blaci;  sulphide,  vi^lile,  when  the  quantity  of  load 
present  is  very  minute,  only  after  a  littlo  time; 
and  with  solutions  of  bi-chromate  of  potash  or 
iodide  of  potassium,  yellow  precipitates. 

Zinc  precipitates  lead  from  its  solution  by  vol- 
taic action,  in  the  Ibrm  of  crystalline  metallic 
particles,  forming  what  ia  known  as  tho  Icud- 
ti'cc.     (F^-.  198.     §  255.) 

In  case  of  poisoning  by  a  doso  of  soluble  load 
salts,  the  best  antidote  is  Kpaom  salts  ( 
of  magneaa),  vnlli  which  the  lead  fom 

i  sulphate.    This  remedy,  how- 


ever, is  ineffectual  in  the 

metal  is  introduced  into  tli    yst  nu  ut 

of  diet 

601.  Alloys   of   Load— Th    ally      f 
taut.     SlioC  is  an  alloy    fid        la 
hardens  it,  and  iacilitat      t    s  pa    ti         to 
of  shot,  the  lead  is  melted    t  tl      top     f  1 
and  poured  into  a  vessel  p  rf      ed  n  th   b 


of  If^-poiaoning  in  which  tha 
ant  t  OS,  n      t  r  or  in  arUclcs 


11  p  porti  r^^Qie,  width 
gl  b  lo^  I  th  Bianuliioturo 
it  rs  b  1  f  the  purpose, 
;t  m  h  n  rous  small  holes. 
The  lead,  in  running  tbrougli,  is  separated  into  drops,  whidi  falling  through 
the  height  of  tho  tower,  become  splierieal,  and  cool  before  reaching  a  reser- 
voir of  water  placed  for  tlicir  reception  at  the  base  of  the  tower.  Por  tho 
manuiiicture  of  the  largest  sized  shot,  a  tower  of  at  least  150  tbet  high  is 
required.  Sliot  are  proved,  and  tho  different  sizes  separated,  by  rolling  thcLii 
down  an  inclined  board.  Those  whicli  aro  irregukr  in  shape,  roll  off  at  the 
sides,  or  stop,  while  the  perfectly  spherical  ones  continue  m  a  straight  course. 
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Tgpe-metal  is  on  alloy  of  3  parts  lead  and  1  of  atitiniony.  Tliis  alloy  is  suffi- 
ciently fuaiblQ  to  allow  of  its  being  roailily  cast,  and  it  expands  at  tlio  mo- 
ment of  golididcatioD,  and  copies  tlio  mold  accurately.  Solder  is  an  alloy  of 
lead  and  tin. 

602.  tla^llquivalent,  59;  Symhol,  Sn  (Stannum)  ; 
Specific  gravity,  7-29, — Tin  occurs  ia  nature  usually  as  au 
oxyd,  but  Bonietimea  as  a  sulphide. 

Its  ores  are  very  eparingly  diBtributod  over  the  earth — the  most  important 
tin-mines  being  tboso  of  Cornwall,  England,  and  Malacca,  in  Soutborn  Asn. 
It  ia  also  mined  to  a  limited  extent  in  Germany,  and  In  a  few  locahtie*"  in 
Mtxico  und  South  America.  It  haa  hitherto  only  been  distrvered  m  one 
locality  ia  the  United  Status,  at  Jackson,  N.  H.,  in  very  small  quuntitiis. 

Tm  of  two  qualities,  aa  regards  purity,  ia  recognized  in  commerce  v^k. 
"  block"  or  "  bar"  tin,  and  "  grain"  tin ;  iho  latter  being  a  refined  roelaL 

603.  Properties .— Tlie properties  which  cliaracterizo  tm  and  render 
it  valuable  in  the  arts,  are  its  malleability,  fusibility,  Kiltne^s,  silver  like  color 
and  luster,  and  especially  its  slight  affinity  for  o:xygcn,  which  enables  it  t<i 
retain  its  brilliancy  at  ordinary  tumperatnres,  in  the  presence  of  air  and  moist- 
ure. Tin  melta  at  442°  F.  If  heated  above  thia  point  it  ia  not  sensibly 
volatilized,  but  becomes  rapidly  oiydized,  and  bums  with  a  brilliant  white 
light  Wben  a  bar  of  mct^c  tin  is  bent  baclcward  and  fbnvard,  it  has  a 
peculiar  creaking  or  cracklmg  sound,  which  is  termed  tlie  '■  tin  cry ;"  this 
is  due  \o  the  ciystalline  texture  of  the  tin,  the  crystals  moving  upon  each 
otlicr.  Tin  ia  almost  insoluble  in  dilute  sulphuric  acid,  and  dissolves  slowly 
in  hydrochloric  acid.  Nitrto  acid  acta  upon  it  with  great  violence,  not  dis- 
solving tbe  metal,  but  converting  it  into  a  wliit»  powder,  the  binoxyd  of  tin. 
Tliis  reaction  may  bo  enaily  illustrated  by  pouring  dilute  nitric  acid  upon  a 
little  tin-foil  in  a  porcelain  dish.  Tlie  binozyd  of  tin  thus  formed,  when  ren- 
dered anhydroua  by  ^ition,  constitutes  the  puUy  powder  used  for  polislimg 
glass,  and  for  the  manufacture  of  enamels. 

CO*.  "With  oxygen  tin  unites  to  form  several  oiyda,  tlie  principal  of  which 
are  tlio  protoxyd,  SnO,  and  the  peroxyd  or  binosyd,  SnOs.  This  last  osyd 
in  its  hydrated  condition,  has  the  cliaracter  of  an  acid,  and  is  tlicn  known 
aa  stannic  add,  SnOj,HO.  Tin  also  unit«f  with  chlorine  to  form  two  chlor- 
ides, the  protoeliloriilo,  SnCl,  and  the  perchloride,  SnClt  The  hist-namod 
cliloride  is  an  old  and  very  curious  compound,  which  was  tbrmetly  called  the 
''filming  liqaar  oflAbasius."  It  is  a  dense,  fuming  liquid,  prepared  by  ex- 
posing melted  tin  to  the  action  of  dry  chlorine.  A  preparation  of  bi-clilorido 
of  tin  is  eitensively  used  in  dyeing  as  a  mordant.  A  bisvipkurd  of  tin,  SnS', 
formed  by  exposing  to  a  low  red  heat  in  a  glass  flask  a  mixture  of  1 2  parts 


of  tho  cbltfiidcB  of  Hi 
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tin,  G  mermiry,  G  BtJ-ammoniao,  and  1  flowors  of  sulphur,  is  of  a  brilliant 
gold  color,  and  is  known  as  mosaic  gold.  It  constitutes  tlie  well-known 
bronze  powdera  used  in  printing  and  in  the  manufaeture  of  paper-hanginga. 

605.  Tlie  useful  appliealiooa  of  metallic  Un  ara  very  numerous.  Tia-pUite, 
of  which  ordinary  articles  of  tin-ware  sre  made,  is  Bheet-iron  superficially 
coated  with  tin.  It  la  preparod  by  first  rendering  the  surfece  of  the  iron 
chemically  ctoMi  by  tlie  actjon  of  acids,  and  then  immersing  the  shect'inetal 
for  a  considerable  length  of  tirao  in  a  hath  of  molten  tin  ;  the  union  of  tlie  two 
metals,  thus  ejected,  ia  not  a  case  of  simple  adhcaon,  but  tlie  tin  forms  with 
ihe  iron  an  alloy.  BrUannia^meial,  wliidi  is  much  used  for  the  manufiictoro  of 
tea-pols  and  cheap  spoona,  eonsiata  of  equol  parts  of  tlu,  brass,  antimon}',  and 
bismuth.  Feivlet-  of  the  bust  quality,  consists  of  i  parts  tiu  aid  1  of  lead. 
Ordinary  brass  pins  are  tinned,  or  whitened,  by  hoilii^  them  in  a  vessel  con- 
taining tin  m  a  finely -divided  state,  and  a  solntion  of  cream  of  tartar  in  wnlcr. 
The  acid  of  the  cream  of  tartar  elTectB  a  solution  of  some  of  tlie  tin  in  the 
first  instance,  which  on  longer  boiUng  separates  as  a  met^  upon  tho  mora 
eleotro-poaitive  brass. 

SECTIOK    VI. 


60S.  Copper, — Rjmvalenl,  31-7;  S'jmM,  Ga{Caprara);  Sptdfic  gravity, 
8-9. — Copper  ia  frequently  found  native,  generally  in  small  crystals,  but  some- 
timea  in  immense  masses,  na  in  the  mines  on  Lake  Superior.  Its  ores,  also, 
are  numerous  and  abundant — the  most  important  ticing  tho  sulpliurets  of 
copper,  and  the  red  oxyd.  Carbonate  of  copper,  constituting  the  bcauUfiil 
green  mineral  mtUachile,  ia  also  found  in  sufficient  abundance  in  some  locali- 
liea  to  admit  of  working — especially  in  Siberia,  Eaatern  Africa,  etc. 

607.  P  ro  p  e  rl  i  e». — Copper  is  one  of  the  mclals  which  has  been  longest 
known  Co  man,  and  was  e.>:tcnsively  used  long  before  the  working  of  iron 
was  underalooJ.  It  is  moderalety  hard,  tenacious,  ductile,  and  malleable, 
and  is  tliQ  only  metal,  with  the  exception  of  titanium,  which  has  a  red  color. 
Copper  requires  a  high  degree  of  temperature  fbr  fusion  (1990'  F.),  and  when 
exposed  to  an  intense  heat  is  somewhat  volatjie — its  vapor  barnii^  with  a 
gretn  flame.     It  is  one  of  the  best  conductors  of  heat  and  electricity. 

At  ordinaiy  temperatures,  m  a  dry  atmosphere,  copper  remains  unchanged, 
but  when  exposed  to  a  moist  air  it  quickly  tarnishes,  oad  ultimately  becomes 
covered  with  a  strongly-adherent  green  crust,  consisting  chiefly  of  carbonate?. 
Turo  water  has  little  or  no  action  upon  copper,  but  in  sea-water,  or  solutions 
of  tho  chlorides,  it  is  gradually  corroded.  The  corrosion  and  waste  of  Ihe 
copper  sheathing  of  ships  is  duo  ohieliy  to  the  oxygen  contained  in  sea-water, 

QuESTiOsB.— Wlist  la  tiD-platol    Wlial  Is  Brltamia-nietil t    Wlist  Ie  pewter?    How 
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and  to  the  friction  of  tiie  water  |  tbo  corrosion  being  greatest  at  tlioso  iTOir  ts 
wiiere  tlie  bubbles  of  air  indoaed  in  tlio  water,  by  the  surgit^  at  tho  bow, 
rise  ta  tlie  Burraco  and  breal<  against  the  bottom  of  the  vessel  Corrosion  of 
a  ship's  sheathing  ia  also  slow  in  mid-ocean  compared  to  what  it  is  at  tlio 
mouths  of  tropical  rivers,  or  in  Ijarbors,  where  the  water  is  filled  with  par- 
ticlea  of  organic  matter  in  a  state  of  decomposition. 

603.  Tlio  most  ready  solvent  of  copper  ia  nitric  acid.     (§  344  )     Many  of 

tlio  weak  vegetable  aiada  also  attaok  metallic  copper,  but  dilulu  sulphuric  and 

hydrochloric  acids  have  scarcely  any  action  upon  it.  l 

609.  The  two  priorfpal  oxyda  of  copper  are  tlic  protosyJ,  or  black  0x3-d, 

CuO,  and  the  suljoxyd,  or  red  oxyd,  CujO. 

GIO.  Protoxyd  of  Copperistho  ba^  of  all  the  ordinary  salts  of 
copper.  It  il  prepared  by  heating  metallio  copper  to  redness  in  a  current  of 
air,  and  then  suddenly  quenching  it  in  cold  water ;  or  more  conveniently  by 
decomiwaing  tJio  nitrate  of  copper  by  heating  it  to  redness — the  product  in 
the  first  instance  iieing  black  scales,  and  in  the  last  a  dense  black  powder. 
It  may  also  be  obtained  as  a  hydrate  of  light  blue  color  by  the  addition  of 
caustic  potash  to  a  solution  of  any  ef  its  salts,  (as  blno  vitriol).  Protoxyd  of 
copper  is  a  compound  of  considerable  importance  in  chemistry  and  the  arts ; 
when  mixed  with  organic  substances,  and  heated,  it  gives  up  all  its  osygen, 
J,      ,,9  snii  '3  hence  much  used  to  effect  tho 

complete  combustion  of  tlieso  bodies  in 
a  process  by  which  their  elementary 
composition  is  determined;  it  is  also 
nscd  for  impartii^  to  gloss  and  porcelain 
j=^  a  beautiful  green  color. 
t^B  Suboxyd  of  copper  is  found  native, 
W  and  may  be  prepared  by  heating  a  mix- 
■c  of  5  parts  of  black  oxyd  and  i  parts 
of  fine  copper  filings  in  a  covered  crucible ;  ihe  red  coating  which  is  formed 
when  metftlhc  copper  (as  a  cent,  for  example,  see  Fig.  190)  is  slightly  heated 
and  suddenly  cooled,  is  also  suboxyd  of  copper.  Its  principal  industrial 
value  is  for  imparting  to  glass  a  boiiutiful  ruby  or  purple  color, 

611.  Sulphate  of  Copper,  JJiu5t*!i^CuO,S03,J3oneof  the  most 
important  of  the  salts  of  copper,  and  is  formed  by  heating  motaUic  copper 
with  concentrated  sulphuric  acid.  It  cijstaUizcs  in  beautiful  blue  crystals, 
and  is  soluble  in  i  parts  of  cold  and  2  of  boiling  water,  lai^e  quantities  of 
tills  salt  arc  used  in  calico-printing,  in  tho  preparation  of  most  of  the  other 
salts  of  copper,  and  as  an  agent  for  exciljng  galvanic  batteries.  Wood  steeped 
in  a  solution  of  sulphato  of  copper  is  protected  against  dry-rot^  and  a  wash 
of  it  on  the  wood-work  of  cellars  is  highly  serviceable  in  preventing  the 
formation  of  mold.  Animal  substances  thoroughly  imbued  with  it  and  then 
dried,  romiun  unaltered. 

Q0E8TIOS8 WliEllB  the  most  really  Bolvantof  copper  (    What  are  tha  two  principal 

oxyia  o(  copper?    Wbat  is  sali  of  protoiyd  of  copper?    What  of  auboiyd  of  copper  ! 
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612.  nitrate  of  Copper,  CuO,  NOe,  iaa  beautiful  blue,  efflor- 
escent sail,  formed  by  dissolving  melallic  copper  in  nitric  aoid.  It  is  biglily 
corrosive,  and  easily  decomposed.  Its  tendency  l«  decomposition  may  bo  il- 
lustrated by  closely  onreloping  a  few  moist  crystals  of  nitrate  of  copper  in 
tlQ-'foil,  and  placing  tlio  parcel  upon  a  porcelain  diah ;  tlio  affinity  of  the  tin 
for  ttie  nitric  acid  in  a  short  time  occasions  intense  chemical  action,  accom- 
panied by  Uie  phenomenon  of  ignition ;  a  paper  also,  moistened  with  a,  strong 
Bolullon  of  this  salt,  cannot  bo  rapidly  dried  without  taking  Uro  IVom  the  do- 
composition  of  the  nitric  add. 

613.  V  0  r  d  i  g  r  1  H  . — Sub-Acetate  of  Copper. — Verdigris  Is  a  suit  of  acetic 
add  (the  acid  of  vinegar)  and  oijd  of  copper.  It  may  be  formed  experi- 
mentally by  iQOistaning  from  IJme  to  Wrao  a  eoppor  coin  with  vinegar,  which 
occasions  the  production  of  a  green  coating.  It  is  prepared  on  a  largo  seals, 
either  diroctJy  from  coiipcr  and  vinegar  (green  vordlgris),  or  indirectly  by 
spreading  the  refuse  of  pressed  grapes  upon  plates  of  copper  exposed  to 
the  air;  in  this  latt«r  case  the  juice  adhering  to  the  mash  gradually  changes 
to  vinegar,  and  forma  blue,  or  French  verd^ris.  This  salt  is  much  used  ia 
the  01  ts  as  a  pigment. 

614.  Characteristics  of  the  Salts  of  Copper— Most  of 
the  ealta  of  copper  have  a  blue  or  green  color,  and  nearly  all  are  soluble  in 
water.  They  are  distmguished  by  a  nausoating  metallic  taste,  and  when 
taken  internally  act  aa  deadly  poisons,  prodacing  violent  vomiting,  followed 
by  exhaustion  and  death.  Black  oxyd  of  copper  Is  soluble  in  oils  and  f::ts, 
so  that  greasy  matters  boiled  in  an  copper  sancepan  which  ia  not  kept  bright, 
are  liable  to  become  impregnated  with  the  mi^tal;  verdigris  may  also  bo  in- 
troduced into  food  from  the  cooking  of  acid  vegetables  or  fruita  in  copper 
vessels ;  the  use  of  copper  in  domtstic  economy  ought,  tliercfore,  to  be  dis- 
pensed with  as  far  as  practicable.  The  best  antidote  against  copper  poison- 
ing ia  raw  while  of  eggs,  the  albumen  of  which,  by  forming  an  insoluble 
compound  with  the  metal,  rondors  it  inert.  Milk,  or  sugar  mixed  with  iron 
tilings  are  also  efficacious. 

C15.  Alloys  of  C  oppcr. — The  alleys  of  copper  are  exten^vely  used 
in  the  arts.  Braes  ia  an  alloy  of  copper  and  zinc;  the  usual  proportions 
being  C8  parts  of  copper  and  ii  zlno.  By  varying  the  proportions,  Lowoven 
the  varieties  of  brass  known  as  "red  metal,"  " pindibeck,"  "  Munlz,"  or 
sheathing  metal,  oto^  may  be  obtained.  GaiMneial,  used  in  the  fabrication 
of  brass  ordnance,  ia  an  alloy  of  90  parts  of  copper  nud  10  of  tin.  Bdl-Taeloi 
and  specalum-metai  cont^n  a  hii^cr  proportion  of  tuu  Bronze  for  statuary 
consist  of  91  parts  copper,  2  of  tin,  e  of  zinc,  and  I  of  lead  The  brass  of 
the  ancients  WM  an  alloy  of  copper  and  tin. 


HnjtcdbyGoOglc 


OOU  INOBQANIC     CHEMISTRY. 

616.  Bismnth  is  a  reddish-white,  hard,  Lrittle  metal, 
which  is  generally  found  native  ia  small  quaotities. 

It  crystallizes  from  fusion  in  cabic  crystals  of  great  brilliancy.  Its  principal 
cmploymeut  ia  in  llio  preparation  of  alloys,  a  alight  admixturo  of  it  increasing 
tl]o  fusibility  of  several  metals  to  a  remarkable  extent.  Oxyd  of  biamutU  is 
used  to  somo  extent  in  medieino,  and  also  as  a,  cosmetic  (pearl  posvder). 

SECTION    Til. 

ISADIUK,    TUNGSTEN.    C 


6 1 7.  All  these  metals  are  very  sparingly  distributed  over  tlio  surface  of  the 
earth,  and  some  of  them  are  so  rare,  that  they  have  been  seen  by  only  a  few 
cliemists.  Uranium  and  titanium  are  used  to  some  extent  for  the  coloration 
of  purcelajn  and  enamels;  and  molybdenum,  in  combicaljon,  as  molybdule  of 
ammonia,  constitutes  tho  most  delital*  known  test  of  the  presence  of  phos- 
phorie  acid  in  solution. 

SECTION    VIII. 


618.  }i.alimttn]'.—^quii!alent,  12-9;  Symbol,  Sb.  (Stib- 
ium).— Antimony  is  a  blueish-white  metal,  with  a  highly 
crystalline  texture,  so  brittle  that  it  may  be  easily  reduced 
in  a  mortar  to  a  fine  powder.** 

When  exposed  to  au'  ojid  moisture,  at  ordinaiy  tomporaturcs,  it  undcr- 
goea  no  change ;  but  if  healed,  it  burns  brilliaotly,  emitting  copious  white 
ilunes^  which  con^st  chiefly  of  a  teroxyd  of  antimony.  A  very  interesting 
experiment  oonsisla  in  fu^ng  a  hctto  of  the  metal  on  charcoal  before  the  blow- 
pipe, and  projecting  the  melted  globule  upon  the  floor  or  au  inclined  board ; 
the  moment  it  strikes  the  hard  surface,  it  bursts  into  a  multitude  of  little 
spheroids,  which  radiate  m  all  directions,  leaving  a  trail  of  whii«  smoke  (oxj^J) 
behind  Ihom.  Antimony  is  nut  used  by  itself  in  the  arts,  but  it  enters  into 
the  composition  of  several  important  alloys,  as  type  metal,  Britannia  motal^ 
etc  Finely -powdered  antimony,  sprinkled  into  a  jar  of  chlorine  gas,  ignites, 
:e  shower  of  Are. 

•n  by  Basil  Vilentine,  sn  elchcmlst  and  monk,  of  Er- 

monks.    The  result  of  the  experiment,  hoireTer,  itai 
-hence  the  name  nntiinotnc,  aDll-mook,  ananumn. 


HnjtcdbyGoOglc 


ANTIMONY  . — A  H  S  E  N  I  C .  381 

819.  Antimony  forma  threa  oxjds,  tlio  moat  important  of  which  are,  tlio 
tcroxyd  of  antimony,  SbO^  aod  antLmontu  acid,  SbOs. 

630.  Tlie  compounds  of  antimony  are  remarkable  for  their  medicinal  ef- 
(beta,  and  are  classed  in  pharmacy  among  the  important  remedial  agents. 
When  taken,  however,  in  inordinate  doses,  they  act  aa  poisons.  Jhriar 
emeiic  is  a,  double  salt  of  tartrate  of  potash  and  tartrate  of  antimony.  It  is 
formed  by  boiling  oxyd  of  antimony  witli  cream  of  tartar,  which  last  is  a  sa:t 
of  potassa  and  tartaric  add,  containing  free  acid;  this  free  acid  combines 
with  the  osyd  of  antimony,  and  tliua  forms  a  doable  salt.  Tartar  emetic,  dis- 
solved in  sherry  wine,  in  the  proportion  of  two  gr^ns  of  the  former  to  a  fluid 
ounoa  of  the  latter,  forms  the  wcli-known  '■  wino  ctf  antimony." 

Sulphuretted  hydrogen,  added  to  soluaons  of  antimony  (as  a  solution  of  tar- 
tar emeljc  in  water),  precipitates  the  metal  in  the  form  of  a  peculiar  and  liigbiy 
t1iaracti>ri.tCic,  orongo-colored  sulphnrcL 

621.  i.iitoit.—Fqu{valent,  75;  Symbol,  As. — Arsenic 
is  Bometimes  found  native,  Lut  {generally  occurs  in  the 
form  of  an  alloy  with  some  other  motiil,  especially  with 
iron,  cobalt,  nickel,  copper,  or  tin. 

The  greater  part  of  the  arsenic  of  commerce  is  obtained  in  Silesia,  in  Ger- 
many, by  roasting^  in  fiimaces,  a  double  sulplmret  of  iron  and  arsetuc, — called 
nuspickcl,  or  the  arsenides  of  nickel  and  cobalt.  The  arsenic,  volatilized  by 
heat  in  the  form  of  aa  oxyd — arseoious  acid— -is  condensed  and  collected  ia 
the  form  of  a  white  powder  in  largo  chambers,  into  wliich  tho  Hues  from  the 

i  t.  arsenio  may  be  obtained  by  heating  arsenious  acid  with  powdered 
rcoal  m  a  t^htly-closed  orurible.  It  is  a  dark,  steel-gray  colored  metal, 
X  m  y  bntlle,  and  may  be  easily  reduced  to  powder.  It  ia  sold  by  drug- 
gists u  d  le  veiy  objectionable  names  oC  Jtn-pawder,  flu-poisan,  cobaU,  etc 
Vh  h  ted,  it  volatilizes  without  fusion  ;  and  if  air  be  present,  it  oxydizea 
arse  acid.    Its  vapor  has  a  remarliable  odor  of  gariic,  which  is  so  pc- 

cuhar  and  noticeable,  that  it  Is  regarded  aa  one  of  the  characteristic  tests  of 
tlie  presence  of  this  element ;  this  odor  ia  easily  recc^ized  by  heatmg  a  frag- 
ment of  arsenic,  or  arsenioua  aoid  chi  charcoal  belbre  the  bloiv-pipe. 

622.  The  oiyda  of  arsenic  are  two: — Arseniooa  acid,  AsOj,  and  araonio 

■  ThB  opcniTiK  of  thcisq  chanihers,  and  the  removal  o(  BrMnle,  Is  a  task  of  grwt  dangtr, 
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Arsenioiia  Aeiil,  \.-iOi.— WMie  Ars-nic,  Hal's-bane.— This  o^yS  H 
the  substance  lo  which  the  name  araeuie  is  popularly  applied,  and  is  the  «ell- 
known  poison.  It  occurs  in  eommoroe  as  a  white  powder,  but  when  freshly 
Bublimed  it  assumes  the  appearanoe  of  a  aemi-transparent  solid,  which  gradu- 
ally becomes  opaque  and  white,  like  porcelain.  It  is  soluble  iu  about  11  parts 
of  bmling  water,  bat  to  a  rery  much  loss  extent  in  cold  wal«r.  Its  solution 
is  eolorleas,  and  almost  tasteless,  which  circumstances  greatly  foeililate  its  em- 
ployment for  criminal  purposes.  It  dissolves  freely  iu  hot  hydrochloric  acid, 
and  in  solutions  of  the  alkalies. 

Arsenious  acid  combines  with  bases  to  form  arsenifes :  arsenite  of  potash  is 
U3cd  in  medicme  under  the  name  of  fhwler'a  solution ;  and  arsenite  of  copper 
constitutes  the  delieato  and  beautiful  greon  pigmout  Vnown  in  commerce  as 
Sdu^lc's  green.  Its  poisonous  properties  have  also  been  taken  advsuitago  of 
fur  (ho  destruction  of  vermin.  To  dostroy  rots  and  mice,  the  poison  should 
lie  mixed  with  flour  or  lard,  but  not  in  too  largo  a  quantity,  or  these  animals 
will  not  touch  it.*  Arsenious  acid,  when  placed  in  contact  with  organic  sub- 
Etances,  prevents  their  decay,  and  may  be  hence  used  with  advant^o  for  the 
preservation  of  stuffed  and  dried  objects  of  natural  history.^ 

623.  Arsenic  Acid,  AsOb,  is  formed  by  treating  arsenious  acid  with 
nitric  aciii,  and  evaporating  the  solution  to  dryness.  It  unites  with  metallic 
oiyda  to  form  oraenicifes;  tlie  arseniate  of  potash  being  used  to  a  very  great 
extent  in  calico  printing,  not  so  much  to  produce  colors  as  to  prevent  their 
adherence  to  certain  portions  of  the  Cibric. 

Arsenic  combines  with  iiydrogen  to  fonn  a  volatile  and  highly  pi 
gas — arserdurakd  hydrageti.  There  are  also  several  compounds  of  oi 
and  Buiplmr,  which  aro  used  as  pigments  and  in  pyrotechny:  realgar,  XsS%, 
Ua'1>eautiful  red  pigment,  and  is  a  principal  constituent  of  tlie  so-called  tohita 
Indian  fire,  often  used  as  a  signal-light;  orpimeat,  AsSb,  is  a  golden  yellow 
pigment ; — both  of  these  substances  ai'e  found  native. 

C24.  Arsenic  forms  alloys  with  most  of  the  metals,  which  arc  generally  bril> 
tie  and  easily  fusible.    Its  prcsonco  in  iron  is  highly  injurious. 

covereii  over,  th»t  tlio  potMiwil  rils  may  nut  vnmit  the  poison  Into  them. 

t  It  ti  beat  lined  for  th<a  parpoae  in  tbe  form  ot  an  araenlcul  wip,  which  may  be  ]ire- 
pued  by  mising  lOTparls  o(»lill6  soap,  ]0>  of  araenioua  aiHd,  36  oirbonale  ot  potnsli,  15 
eanjphor,  and  li  qnicklime.    The  soap  Is  la  be  Ecr:iped  and  melted  with  a  llttJe  votfr  at 

ions  aold  is  afterirarl  added  gradnallj.  and  well  <nciir|»rot«d.    The  cnmpbor  ti  raHueeJ 
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poirads  of  iliia  metal  are  all  highly  poisouous,  either  when  taken  into  the  sto- 
mach, when  applied  to  wounds,  or  when  inhaled  aa  rapor.  The  most  effectual 
antidote^,  in  cases  of  ordinary  poisoaiiig  by  il,  are,  first,  a  powtrfvil  emetje,  and 
then  the  tree  admialatratbn  of  the  hydralod  oxyd  of  iron  suspended  in  water 
(§  5G7) ;  if  this  is  not  at  hand,  calcined  ma^e^ia  may  bo  used.  In  the  ab- 
si'nee  of  either  of  these  substanoea,  the  white  of  eggs,  milk,  sugar,  and  soap- 
B'jdi  are  beneficial,  (this  hitter  observation  applying  also  to  almost  all  other 
casi-'S  of  poisoning).  Prompt  action  is,  however,  neeessaiy,  as  arsenic  U 
a.  most  always  fatal  when  tune  is  allowed  for  its  absorpljon  into  tlie  system 
ill  suMdent  quantity. 

The  frequent  employment  of  arsenic  as  an  agent  in  poisoning,  has  induced 
chemists  to  study  ila  nature  and  tompouods  so  careiiilly,  that  its  detection 
when  present  in  tEie  body,  in  the  materials  whicli  have  passed  from  the  body, 
in  food  or  in  liquids,  is  a  matter  of  certainty.  Even  tliough  the  quantity  bo 
too  minute  to  be  weighed,  its  existence  in  a  enbstance  may  bo  absolutely  de- 
monstrated and  made  visible  to  the  eye.  Lapse  of  time  can  not  wholly  de- 
stroy this  chemical  evidonca ; — the  body  with  which  the  arsenic  has  become 
incorporated  may  decay,  but  the  poison  remains  unchanged,  and  may  bo 
recognized  even  after  the  lapse  of  years.* 

626.  An  inveMigation  for  tliedetcctionof  arsenic,  incases  where  a  criminal 
prosecution  involving  reputation,  and  periiaps  life,  depends  upon  the  issue, 
should  be  intrusted  only  to  a  profesaonal  chemist,  but  a  description  of  the 
li;sts  employed,  and  of  the  methods  by  which  evidenoe  can  be  aocunmiated, 
are  matters  of  general  interest. 

An  exceedingly  delicate  test  known  as  "  Marsh's  teat,"  depends  upon  the 
property  which  arsenic  possesses  of  fonqing  a  gas  with  hydrogen,  and  de- 
positing ilselC  in  the  metallic  stale,  upon  tlie  surface  of  a  cold  plate  held 
over  the  flame  of  the  burning  gas.  The  experiment  is  made  by  generating 
hydrogen  in  the  usual  manner  Irom  zinc,  water,  and  sulphuric  acid.  In  a  glass 
flask,  and  allowing  it  to  escape  through  a  perforated  cork  and  tube  of  glass 
drawn  dowu  to  a  fine  point.  (See  Fig.  200.)  The  hydrogen  evolved  should 
first  be  lesleii  by  burning  it  against  a  porcelain  plate  to  prove  that  it  is  fi^eo 
Irom  arsouic,  and  then  tlis  suspected  Uquor  is  lo  be  mtroduccd  inlK}  tlie  ap- 
piiratus.  (For  the  purpose  of  experiment  a  few  drops  of  a  solution  of  arsenious 
acid  in  water,  or  hydrochloric  acid,  may  bo  used).  If  arsenic  is  presenl^  the 
flame  of  hydrogen,  when  brought  in  contact  with  the  surfiice  of  a  cool  white 


ies  of  arsenlCBl  polsonli^,  putrefaction  ot  the  bodynfter  destb  is  retarded  fn  a 


'fthat  is  said  of  <b<  detection  In  the  bddjr,  or  la  other  BubgtuKOBr    V/Mt  is  Musb' 
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a  smooth  black  oi 


plate,  or ; 

brown  spot  (a  little  metallic  rairror).  One  olhtr 
metal— antimony — will  give  the  same  reaotiua, 
but  a,  drap  of  an  aqueona  solution  of  chlorida 
of  lime  itistaiitty  dissolves  the  araeoic  spot,  but 
leaves  the  a  t  mony  uniltered  II  tl  e  arsoni- 
uretted  hjdroo^n  gas  be  condacted  through  a 
g  aas  tube  1  e  ted  at  ono  po  nt  over  a  spirit- 
lamp  m  tall  I,  ara  n  will  bo  depos  ted  iu  the 
colder  part  of   t,  funn  ng  a  beaut  ful  incrus- 

6u  pi  uretted  hydrogen  prec  p  tatea  araenie 
from  Its  solutiona  in  the  form  ot  a,  sulphuret  of 
arsenic,  of  a  rich  lemon  color.  This  is  a  very 
accurate  test,  and  so  delicate  lliat  the  yellow 

tint  is  apparent  when  only  n  ten-thousandth  part  of  arsanioua  acid  is  present, 

and  a  precipitate  when  Uie  proportion  is  as  1  part   farocni       ac'd        0  000 

of  water. 

Reduction  of  the  motal  from  iw  osyds  or  sulpliu  es    m  d 

on  in  judidal  investigation.     This  may  be  eOeuted  od       g 

senious  acid,  or  the  sulphuret  obtained  in  the  last      p  d  wi 

finely-powdered  charcoal  and  carbonate  of  soda.,      to      g  ass 

diameter  of  a  common  quill,  care  being  taken  not  t  be 

The  mixture  is  then  gently  heated  by  the 

flame  of  a  spiriHamp,  when  the  metallic 

arsenic  sublimes,  and  is  condensed  as  a 

black,  lustrous  mirror,   c,  in  the  upper 

and  cool  part  of  the  tut>e     (See  Fig.  201.) 

A  slip  of  bright  metallic  copper,  placed 

In  a  hot  solution  of  arsenious,  or  arsenic 

acid,  acidulated  by  hydrochloric  acid,  is 

soon  coated  by  a  gny  blm  of  metallic 

arsenic.      This    is   known    as    Reinscb's 

test,  and  is  affirmed  to  shoH  the  presence 

of  a  950,00(lth  part  of  arsenic  in  solution.     It  is  a  test  readily  applicable  even 

when  the  solution  is  contaminated  by  tlie  presence  of  so  much  oi^anic  matter 

as  to  impair  the  accuracy  of  other  reactions. 

A  dose  of  from   2  to  3  grains  of  araenic  is  generally  regarded  as  fatal, 

though  lai^fer  doaea  are  sometimes  rejected  from  tbo  stomach  by  votnitinjf. 

A  dose  of  from  l-15th  to  I-30th  of  a  grjun  is  said  to  warm  and  exhilarate 

the  system,  and  increase  its  vigor,  and  the  peasants  of  Hungaiy  are  reported 

to  be  in  the  liabit  of  using  it  ibr  this  purpose. 


Fig.  201. 


Fit  hy  Biilphurfitt«d  hydros 
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631.  Arsenic  and  antunonj'  are  tljo  011I7  metala  wliich  are  capable  of  c 
bining  with  iiydrogen.  In  this  and  several  other  respects,  they  comport  tii 
Bolvea  like  metalloids,  and  by  some  chemicaJ  authorities  arsenic  is  regai 
ai  a  Qon-metallic  element. 


CHAPTER   XIV. 

THE     NOBLE     METALS. 

The  metals  included  in  this  class  are  nine  in  number, 
viz.,  Mercury,  Silver,  Gold,  Platinum,  Palladium,  Kho- 
dium,  Ruthenium,  Osmium,  and  Iridium. 

The  principal  characteristic  of  these  mctala  is  their  slight  affinity  for  oi:?- 
gen,  by  reason  of  which  their  oxyda  are  easily  decomposed  by  the  action  of 
heat  alone,  tlie  metal  remaiaing  in  an  nnoombined  slata  The  temperature 
required  to  effect  this  decomposition  is  less  than  red  heal,  with  the  shigla 
oicoption  of  the  oxyd  of  osrnium.  Mercury  and  silver  are  generally  found 
in  nature  ss  sulphides ;  the  others  usually  occur  native,  and  ore  often  aaao- 
dated  with  each  other. 

SECTION   I. 

u  E  R  c  V  E  T   (Hydrargyrum,  liquid  silver). 

Equivalent,  100.     Symbnt,  H.       Specific  gravity,  13-59. 

G28.  Salural  History  and  Distri  but  ion.— Mercury  ia  some, 
(lines  found  native,  as  fluid  qulfksilver,  but  moat  generally  occurs  as  a  snlph- 
ide,  forming  a  brilliant  red  mineral  termed  ciniuAar.  Its  most  productive 
miues  are  tliose  of  Alniaden  in  ii^pain,  Idria  in  Austria,  and  New  Almaden 
in  Upper  California.  Considerable  quantities  are  also  obtained  fh>m  locali- 
ties in  Mexico,  Peru,  Cbina,  and  Japan.  It  is  reduced  from  ila  ores  by  a  pro- 
cosa  of  distillation. 

629,  Properties  .—Mercury  is  a  brilliant,  silver-while  metal,  posscsa- 
jng  groat  density,  and  also  the  remarkable  property  of  remaining  fluid  at 
common  temperatures.  It  solidifies  (freezes)  at  — 39°  F.,  in  whioh  state  it 
is  soft  and  malleable.  When  heated  to  662°  F.  it  boils,  and  yields  an  in- 
visible vapor.  Tlio  metal  also,  at  all  temperatures  above  40°  Ft  undeT^wes  a 
slight  spontaneous  evaporation — a  fact  easily  proved  by  the  action  exerted 
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upon  a  SBOMiivo  dagncrrcotjpo  plato  suapcndad  a  few  inches  abovo  a  resael 
eonbuBing  raorcuiy. 

Mercury,  when  pure,  13  not  tarnished  by  exposure  to  air  and  moisture  at 
ordinary  temperatures,  bat  when  heated  to  near  its  boiling  point  it  alowiy 
absorbs  oxygon,  and  beooniea  eonverted  into  a  cryBtalline,  dark-rod  powder, 
tlie  red  oxyd  of  mercury,  Thia  oxyd,  when  subjected  to  a  dull  red  heat, 
ei^ves  oxygen,  and  is  decomposed  into  its  constituonts.  It  wa9  by  means 
of  this  substance  that  Priestley  first  diacorered  the  existence  of  oxygen,  and 
Lavoisier  datfirminod  the  composition  of  atnaospheric  tur. 

G30.  The  most  ready  solvent  of  mercury  is  nitric  acid,  which  dissolves  it 
l/ith  great  rapidity.  Hydrochloric  acid  has  no  action  upon  it,  and  the  same 
Li  true  also  of  dilute  sulphuric  acid. 

631.  When  pu.'e  mercury  ia  agitated  with  ether,  or  oil  of  turpentine,  or 
rubbed  with  sulphur,  si^nr,  chalk,  lard,  etc.  It  is  tednced  to  so  fine  a  state 
of  division  that  it  loses  its  metallic  appearance  entirely,  and  becomes  thor- 
oughly incorporated  with  the  foreign  body.  In  its  ordinary  state,  mercuiy 
|j  inactive  as  a  medicine,  but  in  this  state  of  mechanical  division  it  iA  readily 
absorbed  by  tho  system,  and  heconaes  efficacious.  The  well-known  Uue-pUl 
is  mercury  rubbed  into  agumniy  compound,  called  "coaJection  of  rosea;"  and 
taereariai  ointiaent  is  mercuiy  iacorporntod  with  lard. 

632.  Mercury  combinoa  with  oxygen  in  two  proportions,  (brming  a  gray, 
or  snbosyd,  IlyjO,  wid  tho  protosyd,  or  red  osyd,  HyO.  This  last  oxyd  is 
a  red  powder,  and  was  called  by  the  old  chemists  red  precipitate. 

633.  Mercury  forms  two  compounds  with  chlorine,  which  correspond  In 
cODstttution  to  tho  two  oxyds,  and  are  of  great  importance  ia  medicine  aLd 
the  arts ;  they  are  the  subcliloride  and  the  cliloride. 

634.  Subchloride  of  Mercury,  B  yjC^islhewell-knowamedi- 
dne,  calomel.  It  may  be  obljuned  by  precipitating  a  solution  of  sub-nitrate 
of  mercury  with  common  salt.  Whan  pure,  it  is  a  heavy,  white,  iuaolublo, 
and  tasteless  powder. 

635.  Chloride  of  Mercury,  HyCl,  isknown  in  commerce  under 
tlie  name  of  a^roaive  stiMiJnate.  Its  formation  may  be  shown  eiperimentaily 
by  heating  a  globule  of  mercury  in  a  deSi^rating  spoon,  and  plunging  it 
into  ajar  of  chlorine;  the  metal  takes  fire  and  produces  the  chloride.  Prac- 
tically, it  is  prepared  by  subliming  a  mixture  of  common  salt  and  sulphate 
of  protoxyd  of  mercury. 

Corrosive  sublimate  13  a  dense,  while  crystalline  substance,  soluble  in  )6 
parts  of  cold,  and  3  of  boiling  water — its  solution  posBe^sing  a  disgusting 
and  burning  metallic  taste.  It  is  one  of  the  most  deadly  poisons  known  in 
chemistiy.  With  albumen  it  unites  to  form  compounds  which  are  nearly 
insoluble;  hence  substances  which  contain  albumen,  such  as  white  of  e^^ 
milk,  etc,  are  the  most  effectual  antidotes  m  cases  of  poisoning  by  it,     lumber, 
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and  animBl  and  vegetable  anbslaiicea  in  general,  are  effectually  protected 
against  decay  and  the  action  of  inaects,  by  steeping  in  a  solution  of  ooiro- 
eivo  sublimate.  This  process  is  known  in  the  arts  as  kyaitizing,  from  its  in- 
ventor, Mr.  Eyan,  who  first  applieil  it  with  great  success  for  the  protecdon 
of  ship-timber  against  the  effects  of  "  dfif  foi."  The  preservative  action  ap- 
pears lo  be  due  to  the  circumstance  tlut  the  corrosive  sublimate  tmitea 
with  the  organic  sulistances  to  produce  insoluble  and  poisonous  com- 
pounds. A  solution  of  corrosive  iibUmaie  in  alcohol  is  much  used  aa  a 
preservative  wash  Ibr  plants  m  herbariums,  and  for  other  objects  of  natural 
history. 

H36.  Oxyd  of  mercury  furms  several  salts  with  nitric  acid,  the  principal 
of  which  are  tbe  mfmilrale,  HuONOf  and  the  nitrate,  HyO.NOs.  Tho'last- 
uamed  salt  ia  used  in  tlie  arts  as  a  wash  for  rabbit  and  hare  skins,  as  it  im- 
parts to  these  furs  a  property  of  felling  which  does  not  naturally  belong  to 

CST.  Sulphide  of  Mercury,  HyS— This  compound  ia  the  most 
abundant  of  the  ores  of  meroury,  and  as  a  mineral  product  is  termed  dana- 
bar;  but  when  prepared  artificially,  it  constitutes  the  beautilul  red  pigment 
known  as  vermUion.  Vermilion  is  prepared  by  subliming  1  part  of  fiowera 
of  sulphur  with  6  of  mercury.  The  product  is  a  blaekish-red  crystalline 
mas.'',  which  by  friction  and  pulverization  assumes  a  magnificent  scark-t  color. 

£38.  U  ii  e  H  •— Uerouiy  is  used  extensively  in  the  arts  in  the  construction 
of  philosophical  instruments  (t)arometerB,  thermometers,  etc),  in  the  extrac- 
tion of  gold  and  dlvor  fi-om  tiieir  ores,  in  gilding,  and  in  medicine. 

639.  Alloys  of  Mercury  with  other  metals  are  termed  om(%aiiw. 
An  amalgam  of  4  parts  of  tin  to  i  of  raeroucy  constitutes  the  material  era- 
ployed  for  the  dlvering  of  mirrors,  A  strip  of  copper  beoonies  amalgamated 
itrubbed  with  a  solution  containing  meronry.  If  wo  make  a  stroke  across 
a  brass  plate  with  a  stick  er  brush  dipped  in  a  solution  of  mercury,  and  af- 
terward bend  the  plate  at  this  place,  it  will  break  as  though  it  bad  been 
cuti  the  explanation  of  this  is,  that  the  mercury  of  the  solution  at  once 
penetrates  and  combines  with  tlie  brass,  and  renders  it  extremely  brittle. 
Mercury,  when  brought  in  contact  with  bars  of  lead,  tin,  and  zinc,  readily 
permeates  thera  by  aspeciofi  of  capillary  attraction;  and  by  employing  a  bar 
of  lead  in  the  form  of  a  syphon,  we  may  gradually  raise  and  draw  oB"  mer- 
cury flora  its  containing  vessel 

Tin,  lead,  sliver,  gold,  and  several  other  metals,  are  dissolved  by  mercury 
to  a  considerable  extent,  without  much  loss  of  fluidity.  It  has,  on  the  con- 
trary, but  little  attraction  for  iron,  and  on  this  account  it  is  generally  pre- 
served in  iron  Iwttles. 

The  presence  of  mercury,  when  in  solution,  may  be  detected  by  placing  a 
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drop  of  the  au'^perted  Hquid  on  a  piece  of  polLahed  gold,  as  a  half-eagle,  and 
touching  the  melal,  llirough  the  liquid,  with  a  scrap  of  zinc,  or  with  the  point 
of  a  penkiiifo  The  part  touched  wil!  instantly  appear  white,  owing  to  the 
depodtion  of  mercuiy  by  voltaic  action. 


SECTION     II. 

E/ltiiiidleni,  103.     Symbcil,  Ag.  (Argentom).      Specijk  gramly,  lO'S. 

64».  Natural  Ilistor;  and  D  i « ( r  i  b  u  ti  on.  —  Silvor  ia  fto- 
queritlj  met  wilJi  in  tlie  native  stale,  but  most  generally  it  is  found  iu  com- 
bination with  sulphur,  mixed  with  sulphidcB  of  lead,  ^itimony,  copper,  and 
iron.  Tho  mmes  of  Mexico  and  Peru  arc  the  most  productive  sources  of  sil- 
ver; but  it  occura  in  quantities  sufBcient  to  pay  for  working,  in  Norway,  Sax- 
ony, Spmn,  and  the  Ham;  mountains. 

641.  Amalgamation . — Silver  ia  obtained  from  ores  free  from  lead,  as 
those  of  South  America  and  Mexico,  by  a  process  termed  Amalgama(iO!i, 
which  is  founded  upon  the  ready  solubility  of  silver  and  olher  metals  in  met- 
allic mercury.  The  oro  is  Hrst  cruahod  to  a  Uno  powder,  mixed  witii  common 
aalt,  and  roasted  at  a  lowred-hoat  in  a  furnace.  By  this  treatment  the  silver 
obtams  chlorine  from  the  salt,  and  ia  changed  from  a  sulphide  int«  a  chloride. 
The  resulting  products  of  tlie  furnace,  consisting  of  cldoride  of  silver,  osyda 
of  copper,  iron,  and  earthy  mattery  are  then  placed,  with  water  and  a  portion 
of  scrap  iron,  in  barrels  which  revolve  upon  their  axes,  and  the  whole  a^tated 
together  fur  some  time,  during  which  tlie  iron  reduces  the  clilorido  of  silver  to 
a,  state  rf  metal,  and  forms  chloride  of  iron ;  a  certain  portion  of  mercury  is  then 
added,  and  the  agitation  continued.  Tlie  mercury  dissolves  out  the  silver,  the 
copper,  and  the  gold,  if  there  be  any,  and  combines  with  them  (o  form  an 
anaigam ;  wlucb,  by  reason  of  its  great  weight  and  fluidity,  is  easily  separ- 
ated from  the  other  materiala  by  wasliing  and  subsidence.  This  ama^am  ia 
then  pressed  in  woolen  b^s,  U>  squeeze  out  the  uncombinod  mercury,  and  tlio 
solid  portion,  heated  in  a  kind  of  retort,  when  tlie  last  trace  of  mercury  vol- 
atilizes, and  leaves  the  silver  alloyed  with  copper  or  gold  boliind.  In  this 
Btat«  it  is  exported  ia  ingota.* 

*  TblH  proctsa,  HB  coiidi]cl«d  In  UoiIfo  anil  South  Amerlcs  by  the  nie  minera,  is  ei- 
leediogLy  impprfect,  and  Is  nllended  whh  on  enomiouB  liua  of  quictailvor,  by  volatilian- 
tLon&ud  ^he  forniulion  nf  cxlomel,  HyifCI;  eg  much  bo,  that  it  haa  been  calcnLated  thitC 
npirards  of  eix  mllliDD  cwL  of  mercury  bad  been  voeted  In  tbu  Amencan  miuefl  up  lo  tbo 
close  of  tbe  last  century.    It  must  be.  therefore,  apparent,  lliat  the  grtat  omployment  of 
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643.  Ltq  nation. — SilTOrcontiuiiirigalargo  percentage  of  copper  is  aep- 
nrated  from'lhis  metal  by  wliat  is  caJlcii  ttio  process  of  Liqaalvm;  tliia  con- 
Eisls  in  melting  the  two  metals  with  a  large  propodjon  of  lead,  aod  cooling 
the  mixture  suddetiljr  iu  the  form  of  Ciikea ;  these  arc  tlicn  espOEtcd,  on  au  Id- 
clincd  hearth,  to  a  temperature  BufEcient  to  melt  the  lead,  but  not  tho  copper, 
Tvhen  the  former  metal  ruoB  ell)  aiiil  carries  ali  the  silrer  with  it,  leaving  tho 
solid  copper  behind. 

643.  Gupeliation  — Silver  is  parted  from  lead  by  a  process  termed 
CapeBaUoK.  It  consiata  m  cxpoang  tlie  mass,  in  the  first  instance,  to  a  red- 
hL'at,  upon  the  hearth  of  a  shallow  furnace,  while  a  current  of  air  la  caused  to 
play  upon  its  surface  ;  the  lead  rapidly  osydizea,  and  is  converted  into  lith- 
arge, wliich,  ID  turn,  melts  and  runs  off,  leaving  the  metallic  silver  unoxyd- 

ized,  a—"  ~  ~ ' state  {refined  silver).     The  hearth  upon  which  this 

operal  ailed  a  cupel,  and  is  formed  by  molding  pulverized 
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sorbed  by  tlio  porous  bono-ash. 

64i.  Properties . — Silver  has  the  clearest  white  color  of  all  the  metala. 
It  is  malleable  and  ductile  in  a  high  degree,  and  in  hardness  is  intermediate 
between  gold  and  copper.  It  meits  at  a  bright  red-heat,  18J3°  F.,  expand- 
ing foreibly  at  the  moment  of  aolidiflcation ;  and  is  not  osydized  by  exposure, 
at  any  temperature,  to  either  a  dry  or  moist  atmosphere.  Pure  silver,  how- 
ever, possesses  the  remarkable  property  of  mechanically  absorbing  oxygen, 
when  melted,  to  the  extent  of  many  times  its  volume.  Tins  oxygen  is  again, 
disengaged  at  the  moment  of  solidification,  and  gives  rise  to  the  peculiar  ar- 
borescent appeamnee  often  noUced  on  the  surface  of  masses  of  silver.  Silrcr 
has  a  powerful  affinity  for  sulphur ;  and  when  exposed  to  air  containing  very 
minute  quantities  of  sulphurous  add,  or  sulphuretted  hydrogen,  it  soon  ho- 
comes  superficially  blackened  or  tarnished,  from  the  formation  of  a  thin  film 
cf  sulphide  upon  its  sur&ce.* 

The  best  solvent  of  silver  is  nitric  acid,  which  acts  upon  tho  metal  with 
great  rapidity ;  if  the  silver  cantons  any  gold,  it  will  be  left  undissolved  as  a 
dark  powder.  Solution  of  silver  coin  in  nitric  acid  appears  of  a  bluish-green 
(xilor,  fi^lm  the  copper  it  contains.  Hydrochloric  acid  scarcely  acts  upon  silver, 
and  sulphuric  acid  only  when  hot 

ss,s  le  biinit.  ulvaj'S  cuTitulns  Bufficisnt  uf  the  guseoug  cnnipoundB  of  uulphur  tu  grailmiLlr 
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645.  Oiydrt  of  Silifer. — Silver  foncB  tbree  oxjds — the  subosyd, 
AgsO ;   the  protosjd,  AgO  ;  and  a  peroxjd,  AgOj. 

646.  Prolaxyd  of  Si  Iv  e  r  is  the  only  oxyd  which  forms  permanent 
sails,  and  may  he  procured  by  adding  potash  or  soda  to  a  Eolutloii  of  the 
nitrate,  or  any  soluble  salt  of  silver.  It  is  a  dark-browa  or  black  powder, 
soluble  in  ammonia,  and  to  a  slight  extent  in  pure  nater.  Its  solution  in 
eyanldo  of  polasaum  constitutes  the  silver  solution  used  in  electro-plating. 
Oxyd  of  silver  is  decomposed  at  a  temperature  below  red  hcatj  and  to  somo 
extent  also  by  the  action  of  solar  iighi 

647.  Mtrate  of  Silver,  AgO.N  Oe.— This  is  the  most  important 
of  the  salts  of  silver,  and  may  be  obtained  in  the  form  of  colorleea,  transparent, 
tabular  crystals,  by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solu- 
tion to  dryness.  The  crystals  thus  obt^ned  are  readily  soluble  in  water,  and 
when  Bised  and  oast  into  slender  sticks,  they  constitute  the  fiinor  caustic  of 
the  surgeon.* 

Nitrate  of  silver,  when  perfectly  pure,  undergoes  no  change  by  the  action 
of  light,  but  when  exposed  to  light  incontaet  with  organic  matter,  it  blackens 
rapidly.  Stmns  thus  produced  by  it  can  not  be  removed  by  washing  with 
soap  and  water ;  beoco  nitrate  of  ulvor  constitutes  an  essential  tngredieot  in 
tlie  compoation  of  hair^dyes,  and  the  indelible  inks  used  for  maAing  linen. 
Ivory,  marble,  and  other  bodies,  may  be  stained  a  permanent  black  by  soak- 
ing in  a  solution  of  tliia  salt,  and  then  exposing  to  the  direct  acOon  of  the 
Bun's  rays.  The  black  coloring  matter  is  by  some  supposed  to  be  silver  in 
a,  state  of  flno  division,  and  by  others  to  be  a  subosyd  of  alver.  It  may  bo 
removed  from  the  hands,  or  from  lii.en,  by  the  employment  of  a  strong  so- 
lution of  iodide  of  potasaum,  or  more  easily  by  cyanide  of  potassium.  Ni- 
trate of  silver  is  sometimes  ^ven  as  a  medicine ;  if  the  administration  of  it 
is  long  continued,  a  portion  of  tlie  silver  in  combination  tends  to  Qnd  its  way 
out  of  the  system  at  the  surlaoe  of  the  body ;  but  becoming  decomposed  by 
the  action  of  light  before  it  reaches  the  outer  surGico  of  tlie  skin,  it  imparts 
to  all  those  portions  of  the  body  exposed  to  light  a  singular  blue  or  lead-gray 
color.  Tliis  color,  fVom  the  circumstance  that  it  is  formed  below  tlie  outer 
skin  (or  cuticle),  is  perfectly  indelible.f 
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'mien  a  stick  of  phosplioriis  is  inlroducecl  into  a  solution  at  nitrate  of 
silver,  it  soon  bocomea  inerusled  with  arborescent  crjBtals  of  the  metal.  Tlio 
introduction  of  mercury  into  a  solution  of  nitrate  of  alver  also  precipilatca 
tlie  metal  in  beautiful  treo-like  forms  which  are  callod  arbor  JHattce.  MetaJlic 
copper  at  once  throws  down  metallic  silver  from  solutions  of  the  nitrate, 
and  forms  nitrate  of  copper. 

648.  Cliioride  of  Silver,  IgCl .— This  compound  appears  as  a 
white,  curdy  precapitate  when  hydrochloric  acid,  or  the  soluljon  of  any  cliio- 
ride (as  common  salt)  is  added  to  a  solution  of  alver.  Its  formati™,  under 
these  circumstancea,  constitutes  a  most  delicate  test  for  the  presence  of  silver 
in  solution,  as  the  chloride  of  silver  is  so  entirely  iusoluble  in  water,  that  a 
millionthpart ofit willoccasionacloudinesaofthe  solution.  It  is,  however, 
readily  soluble  in  ammonia,  and  when  exposed  to  the  light,  quickly  aseamea 
a  violet  color.  Chloride-of  silver,  kept  in  solution  by  the  alkaline  chlorides, 
protably  exists  in  minute  quantities  in  all  sea-water.  MM,  MaJagutti  and 
Durocher,  eminent  French  chemist."!,  have  estimated,  on  tiie  basis  of  recent 
experiments,  that  each  cubic  mile  of  sea-water  contains  lOJ  lbs.  of  silver  in 
the  form  of  chloride. 

64!*.  Uses  . — Pure  silver,  by  reason  of  its  softness,  is  not  used  to  any  ex- 
tent in  the  srla ;  but  for  coin,  plate,  etc.,  it  is  always  alloyed  with  a  propor- 
tion of  copper,  wiiich  greatly  incroases  its  hardness  without  materially  dimin- 
ishing ita  whiteness,  and  thus  lenders  it  less  liable  to  be  worn  by  use. 
The  amount  of  copper  tliat  may  be  alloyed  with  silver  for  the  manufacture  of 
coin  is  always  regulated  by  government.  In  Great  Britain,  standard  ailver 
is  composed  of  II  parts  of  silver  and  1  of  copper ;  in  the  United  States,  all 
gold  ajid  silver  coin  con»sts  of  nine  tenths  pure  metal  and  one  t«nth  alloy. 
In  England  and  France,  the  government  also  regulates  the  purity  of  ^irer 
used  for  the  manufacture  of  plate ;  in  the  Unitod  Status  the  manufacturer 
alloys  his  silver  at  discretion. 

Silver  is  frequently  employed  to  give  a  coaling  to  less  expensive  metals. 

I'lating  on  copper  is  effected  by  laying  a  strip  of  silver  upon  a  bar  of  cop. 
per,  and  uniting  the  two  metals  (without  solder)  by  hammering  and  rolling 
at  a  temperature  just  below  the  tlising  point  of  silver.  Tlie  compound  ingol  is 
then  rolled  to  the  required  degree  of  tenuity.  Sihieriftg,  or  covering  tlie  sur- 
faee  of  brass  or  copper  witli  a  thin  coating  of  silver,  may  be  effected  by  first 
thorooghly  cleaning  the  surface  to  Ije  silvered  by  momentary  immeraon  in 
nitric  acid,  and  Wien  rubbing,  with  a  mixture  of  cream  of  tartar  (100  parte), 
chloride  of  silver  (10  parts),  and  corrosive  sublimate  (1  part);  the  surface  ia 
afterwards  polished.  It  is  in  this  way  that  thermometer  scales  are  silvered. 
A  peculiar  ikmcked  or  "  ifeatT'  appearance  may  bo  given  to  articles  manufac- 
tured from  an  alloy  of  silver  and  copper,  by  boiling  them  in  a  solution  of  bi- 

QofBTiosfl—Wlial  la  eald  of  chloride  of  silver  f    Wlmt  ia  a  lest  of  the  prPBence  of  sll- 
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sulphate  of  potash ;  the  acid  of  which  i^saolves  out  the  copper  from  the  gut. 
(ace,  and  leaves  the  particles  of  silver  isolated. 

6&D.  Silvering  of  Glass . — Certain  oi^anio  substanceR,  each  us  oil 
of  cassia,  oil  of  cloves,  or  solution  of  grape^ugar,  possess  the  property,  when 
added  to  certain  salts  of  silver  in  solution,  of  precipitating  the  wlver  in  Uio 
state  of  bright,  lustrous  metal.  This  principle  has  been  reeenay  appKed  to 
the  alvering  of  glass;  and  many  artiolea  of  great  beauty,  such  as  rairrore, 
glass-globes,  vases,  door-knobs,  eto.,  are  now  coated  ui  this  mauner.* 

SECTION    III. 


Symbol.  An.  (Aurum),     Specific  grasily,  10.2. 

.story  and  D  iatrlbut ion,— Gold  U  alivays 
10  metallic  stale ;  generally  in  tlio  form  of  thin  scales  or 
grains,  sometimes  as  large,  nodular  ma 
times  in  crystals;  the  last  being  al- 
ways modifications  of  the  cube,  or 
octohedrou.  .(See  Pigs.  303  and  204.) 
Native  gold  is  always  alloyed  with 
silver,  and  is  often  associated  ivitli  small 
quantitfes  of  osmium,  iridium,  copper, 
ftutuDony,  sulpliuret  of  iron,  and  rartly 
with  tellurium.  No  regular  veins  of 
g(Jd  are  met  with  (what  are  called  veins  of  gold  b 
merely  veins  of  quartz  containing  disseminated  metEdlic  parUcles).  It  o 
monly  occurs  m  the  most  ancient  rocks,  or  in  the  alluvial  deposits  of  rivers. 
As  gold  is  Kiund  naturally  in  a  mctnllic  etalo,  tho  operations  for  obtaining  it 
are  almost  purely  meclianical,  as  washing,  etc  'Wlicn  the  gold  is  very  finely 
divided  and  mised  with  earthy  matters  or  oOier  metals,  it  is  separated  by  a 
process  of  amalgamation  similar  to  that  aheady  described  for  obtaining  wlvor. 
■"     §  641.) 
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652.  Properties , — Gold  p(ffl3CBaes  a  charaeteriBtic  yellow  color  and  a 
high  metallic  luster.  It  U  the  most  malleablo  of  alt  the  metals,  and  may  be 
beaten  into  leaves  which  do  not  exceed  l-200,000tli  or  an  ineli  b  tiickneaa. 
It  also  possesses  a  high  degree  oT  tenacity.  When  pure,  gold  la  nearly  as 
soft  as  lead.  It  fuses  at  a  tiimperature  of  2016O  F.,  and  can  not  bo  advan- 
l-ogpously  employed  for  castings,  as  it  shrinks  greatly  in  solidifying.  Giold 
docs  not  combine  directly  with  oxygen  at  aay  temperature  ;  none  of  the  sim- 
ple acids,  with  the  exception  of  the  seietiic,  have  any  eifect  upon  It;  neither 
lias  sulphur  or  sulphuretted  hydri^en.  Chlorino  atid  bromine  attack  it  easily, 
and  it  is  disaolved  by  any  solution  that  liborates  chlorine.  The  most  usual 
solvent  of  gold  is  aqua  regia.     (See  g  361.) 

G53.  Compounds  of  Gold .— Tliero  are  two  oxyds  of  gold,  a  prot- 
oxyd,  AuO,  and  a  peroxyd,  or  auric  acid,  AuOj.  Eoth  are  unstabla  com- 
pounda,  and  are  decomposed  by  the  action  of  light  WiHi  chlorine,  also, 
(Told  unites  in  two  proportions  lo  lorm  a  proloohlorido,  AuCI,  and  a  perchlo- 
ride,  AuCR  The  last  is  the  most  important  compound  of  gold,  and  is  always 
produced  when  gold  is  dissolved  in  nitro'nurlatic  acid. 

By  cautiously  evaporatii^  the  solution  of  gold  In  aqua  rcgia,  tho  perdilorido 
may  be  obtained  in  tho  foiin  of  yellow  crystals,  soluble  in  water,  alcohol,  and 
ether.    If  a  solution  of  crystallized  chloride  of  gnld  bo  applied  lo  the  skin, 
any  other  organic  substance,  it  imparts  to  it^  on  diying,  a  purple-colored  sli 
If  a  few  drops  be  added  to  a  dilute  solution  of  protochloride  of  tin,  a  m 
beautiful  purple  predpitals  is  formed,  which  is  known  as  the  purple  of  Cas- 
mus.    This  compound  of  gold  and  tin  is  extensively  used  in  enamel  and  por- 
celain painting,  and  also  for  imparting  to  glass  a  rich  rose  or  purple  color. 

Polished  steel  dipped  into  an  ethereal  solution  of  perciilorido  of  gold,  decom- 
poses it,  and  becomes  covered  with  a  coat  of  metallic  gold :  delioato  cutting 
in^tr  imonts  are  gilt  In  this  way.  Silk  ribbons  may  bo  also  gilt  by  moistening 
tl  em  with  this  solution,  and  exposing  them  lo  a  current  of  hydrogen,  or  phos- 
[  hur  tted  hydrogen  gas. 

Ammon  a  added  to  a,  solution  of  chloride  of  gold,  produces  a  yellowiah- 
I  rown  precipitate,  aurale  of  ammonia,  or  fuiminating  gold ;  this  compound 
explodes  at  a  moderate  heat,  or  by  friction. 

654  Indufitrial  Uses  of  Oold— Gold  intended  for  coinand  most 
other  purposes,  is  always  alloyed  with  a  certain  proportion  of  silver  or  cop- 
per, in  order  to  increase  its  hardness  and  durability.  Gold  for  coins^e  is 
usually  alloyed  with  copper  to  tho  amount  of  about  10  per  cent. 

The  quantity  of  pure  gold  cont^ned  m  a  given  masa  is  expressed  by  tho 
word  carat,  used  in  reference  to  a  certain  standard  number ;  which  number  In 
the  United  States  is  24.     Thus,  perfectly  pure  gold  is  said  to  be  24  carats 
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fine  i  when,  on  tlie  other  hand,  gold  ia  spoken  of  as  1 8  curata  fine,  it  ia  under- 
stood tiiaX  the  maaa  consists  uf  13  parta  (three  fourths)  gold,  and  G  parts  (one 
fourth)  alloy. 

Tlie  determination  of  tho  amount  of  puro  gold  or  silver  in  a  ^ven  mass  of 
metal,  is  called  assaying  ;  and  as  tlie  value  of  all  tho  various  gold  and  silver 
coins  in  the  world  ia  regulated  by  tho  operation,  the  various  processes  con- 
tained in  this  department  of  chemistry  liave  been  carried  to  a  high  dogrco  of 
perfection. 

655.  Preparation  of  Fine  Gold . — The  process  of  obtaining  fino 
gold,  or  of  soparatinjf  gold  from  its  alloys  of  silver  and  copper,  depends  upon 
tho  solubility  of  silver  and  copper  in  nitric  acid,  and  the  perfect  insolubility  of 
gold  in  the  sarao  liquid.  In  order  to  cllbetually  carry  out  the  operation,  it  ia 
necessary  that  the  silver  should  amount  to  at  least  three  times  tho  weight  of 
gold,  or  otherwise  portions  of  silver  will  be  roeobanioally  protected  from  tho 
action  of  the  acid,  and  the  separation  bo  incomplete.  If,  therefore,  the  alloy 
be  tbund  to  contain  more  than  one  fourth  of  its  wc^ht  of  gold,  aufiicient 
nilver  is  added  to  reduce  it  to  this  proportion ;  and  hence  this  meUiod  of  part- 
ing the  metals  is  known  in  assaying  as  quaiialioil.  The  gold  remaining  un- 
dissolved in  the  acid  ia  collected  and  melted  into  ingots,  while  (he  silver  is 
separated  from  tho  copper  in  solution  by  precipitation  with  common  salt  aa  a 
chloride,  and  subsequently  reduced  by  contact  with  motallie  zuic.  The  sepa- 
ration of  gold  from  Its  nllojs  may  alio  be  effected  by  boiling  tlie  gold  in  sul- 
phuric acid,  which  djasolvca  the  silvtr  and  the  copper,  but  leaves  tho  gold 
unchanged. 

When  a  solution  of  protMulphate  of  iron  ia  added  to  a  solution  of  pcrolilorido 
of  gold,  metallic  gold  is  preeipitatLd  in  the  form  of  a  fine  brown  powder,  which, 
when  diffused  in  water  and  viewed  by  transmitted  light,  appears  green  ;  tho 
gold  thus  obtahied  is  perfectly  pure,  and  appears  dark,  by  reason  of  its  ex- 
treme subdivision.    When  rubbed  and  pressed,  it  regains  its  characteriatie  color. 

656.  Cold  Leaf  is  manufactured  by  first  foiling  tlio  gold  into  plates, 
and  rolling  them  into  tlun  ribtmns  by  means  of  steel  rollers.  The  ribbon  is 
then  divided  into  small  squareB,  which  are  placed  between  leaves  or  sheets  of 
gold-beaters'  skin  (a  thin  membraneous  substance  ohtained  from  tho  intestines 
of  animals),  and  the  wliole  beaten  with  a  heavy  hammer.  As  the  gold  ex- 
pands, it  ia  divided  and  subdivided  until  the  required  thinness  of  leaf  is  oh- 

Tho  commercial  value  of  puro  silver  is  about  $16  per  pound]  a  dollar  coin 
weighs  an  ounce  troy.  The  value  of  fine  gold  ia  about  fiflieen  times  greater 
than  that  of  silver,  an  ounce  being  worth  from  sixteen  to  eighteen  dollars. 

Sullion  is  the  term  applied  to  gold  and  silver  reduced  from  the  ore,  but  not 
yet  manu&otured ;  at  the  mint  it  means  all  gold  and  silver  suitable  for  coin- 
ago. 
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SECTION    IT. 

IM,    PALLIWUM,    KHOUIUJl,    RCTlIENlL'il,    OSiHUil,    miDICM. 

657.  Platinum.— ^Miirafeni  83*7  i  Symbol,  Vt ;  Specific  gravity,  21-5. 
— PlalJnuQi  (little  silver)  is  not  an  abundant  metal,  and  ia  always  found  na- 
tive, usoftlly  in  the  form  of  small  flattened  grains,  but  sometimes  in  nodular 
niaaJaa  of  oonaiderablB  size  It  la  vtrj  r»re!y  met  witb  imbedded  in  rock, 
but  is  rfiways  obtiuned  from  ftlluyial  deposits  (sand,  elo.)  by  wasliing.  Tlio 
principil  localities  which  furnish  pUunuin  are  situated  upon  tlio  western 
slope  of  tiia  Ural  moantams  in  Russii,  m  Brazil,  and  Bomoo.  It  was  firet 
rec<^nizod  as  a  disliuot  metal  aimut  tlio  middle  of  tlie  last  century  (1749). 

658.  PropertlCB , — Plotinura  ia  a  grayish-white  metal,  inlennediato  in 
hardness  between  copper  and  iron ;  it  exceeds  in  tenacity  all  the  metals  ex- 
cept iron  and  copper,  and  is  only  inferior  in  ductility  to  gold  and  silver.  It 
may  also  be  beaten  into  thin  laminie  like  gold  l.ea^  and  at  a  white-heat  may 
ba  weldod  hke  iron,  .  The  most  voioable  property,  howeifer,  of  platinum,  is  its 
infusibility,  which  is  so  great  that  it  resists  Uio  most  intense  heat  of  a  wind 
furnace,  and  only  yields  to  the  heat  generated  by  tho  oxyhydrogcn  blow-pipe, 
or  the  vollaic  battery.  It  alloys  readily  with  lead,  iron,  and  many  other 
metals ;  and  the  compounds  thus  formed  are  much  more  fusible  tlian  pure 
platinu  n.  Care,  therefore,  must  be  taken  in  using  platinum  crwables,  not  to 
heat  in  them  oxyds  of  fusible  and  easily -reduced  metals,  as  lead,  tin,  bismulli, 
etc ;  ance,  in  the  event  of  tlie  reduction  of  the  oxyd,  the  crocible  would  be 
destroyed  by  the  formation  of  a  fuable  alloy. 

Phitiuum  does  not  osydize  in  tho  ait  at  any  iemperaturo,  and  none  of  tho 
dmplo  acids  have  an  effect  upon  it.  Aqua  rogia  dissolves  il,  but  less  readily 
than  gold ;  and  it  is  also  corroded  by  headng  to  redness  in  contact  with  tho 
caustic  aliiaJies,  or  with  phosphoric  acid  in  the  presence  of  carbon. 

The  great  infusibility  of  pktinum,  and  its  power  of  reaiatiog  chemical 
agents,  give  it  a  high  value  as  a  material  fjr  tlie  construeUon  of  apparatus  to 
be  used  in  the  manutactiu^  of  powerful  adds,  and  in  chemical  analysis.  It  ia 
also  estcngively  employed  by  dentisls  for  tho  settmg  of  artificial  teelh,"  and 
to  some  extent  for  the  bushing  of  the  touch-holes  of  guns.  An  attempt  was 
made  in  Russia  some  years  since  to  employ  platinum  for  coinage,  but  it  was 
found  to  be  inconvenient,  and  the  experiment  has  now  been  abandoned.  Tlie 
value  of  (Tude  platinum  ia  about  half  that  of  gold ;  but  in  its  manufactured 
state  it  sells  for  from  $18  to  §20  per  ounce. 

Tlie  process  employed  for  working  it  depends  upon  its  property  of  welding 
■  The  YBlue  of  the  plalLnum  iinnuBlIy  required  for  this  purpnso  st  tia  presenl  lime  in 

QoKBTiosB.— How  <s  plttSnum  fomiil  In  nsturef  Whst  ere  tie  principal  localitleB! 
ofiwlnflutbllityf    WhatofitSBUoTB!    What  of  lla  mlubllllyf    WHat  ara  itiioiluatrial 
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at  l)igh  temperatures.  The  eruda  graa^  are  first  purified  by  dissolving  in 
aqua  regia  and  preciEntatlog  as  ciilorido  of  platinum,  whieh  is  subsequently  re- 
duced to  a  metallio  state  by  licat.  It  13  then,  in  connection  with  scrap  pla- 
tihnm,  fused  iuKi  tittle  ingots  by  the  osyhydrt^n  blow-pipe,  and  tlieae  are 
Bubsequontly  welded  and  rolled  into  bais  or  sheets.  The  working  or  it  -was 
formerly  confined  wholly  to  France,  but  within  a  few  years  past  it  has  been 
iutroducod  someivhat  extensively  as  a  business  in  this  country. 

Platinutii  esiala  in  two  states  of  ininate  subdivision,  yiz.,  hb  spongy  platiimm, 
and  plaMaum  bladi.  The  properties  and  preparation  of  spongy  platinum  have 
been  already  described  (gg  4S,  29C).  FlatJnUDi  black  is  the  metal  in  a  state 
of  such  fine  subdivision,  that  it  has  the  appcMnnco  of  soot.  It  is  easily  pre- 
pared by  slowly  heating  to  212"  F.,  with  fnaqueiit  ablation,  a  solution  of 
chloride  of  platinuni,  to  which  an  exoens  of  oarbouato  of  soda  and  a  quantity 
of  sugar  have  been  added.  The  precipitated  black  powder  is  collected  onafilter, 
washed  and  dried.  Platinum  black  possesses  the  power,  in  a  much  higher 
degree  tiian  spongy  platinugi,  of  condensing  gases,  aud  osydiziiig  alcohol  and 
ether  (§  469). 

659.  Platinum  forma  two  oxyda,  PtO  and  PtO.^  and  two  chlorides,  PtCl 
and  PtClj.  Q'he  last  named  compound,  the  bi-chloride  of  platinum,  is  fho 
moat  important  soluble  salt  of  platinum,  and  is  always  fbnned  when  platinum 
is  digested  in  aqua  re^  Its  crysta^  obtained  by  evaporating  its  acid  solu- 
tion, form  with,  water  a  rich  orange-colored  liquid,  which  is  much  valued  in 
chemistry  as  the  only  reagent  which  precipitator  potaaaa  from  its  solutions. 

660.  Pallndiiim,  Bhailium,  RulbenJuin,  Ominm,  and 
Iridium.' — These  metals  are  found  only  in  exceedingly 
small  quantities,  and  usually  occnr  associated  witii  pla- 
tinum, which  metal  they  reserahle  generally  in  their  prop- 
erties. 

PaSadium  is  a  while  metal,  more  brilliant  than  platinum,  veTy  infusible, 
malleable,  and  doctile.  Ila  hardness,  whiteness,  a^d  inalterability  would  ren- 
der it  exiceedingly  valuable  in  the  arts  if  it  coulu  V  obtained  in  sufficient 
quantises.  The  Royal  Geological  Society  of  Great  Britaui  award  a  medal  of 
palladium  for  eminent  discoveriea  in  this  department  of  sdence.  Iridimit  is 
found  alloyed  with  oanium,  very  often  in  California  gold,  forming  the  mineral 
w-tdosmine,  which  is  the  hardest  of  all  known  alloys.  Iridium  is  a  white,  hard, 
brittle  motel],  more  infusible  than  platinum,  and  oneoftheheaviast  of  the  metals, 
beingnearly  23  timea  heavier  than  an  equal  bulk  of  water.  It  has  boon  used 
to  some  extent  for  forming  the  tips  of  gold  pens. 

QuEBTiosB — In  wliRt  twn  itstcs  of  suTidivision  dnes  metallic  pUtinnm  Pilst  ?  Give  thr 
propenles  of  apnngy  platinum.    Hpw  is  plsliiium  black  prepared?    What  compoiinda 
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CHAPTER     Xy. 

PHOTOQRAPHT. 

C61.  Pliotograplif  {light-drawing)  is  the  art  of  drawing, 
or  producing  pictures,  or  copies  of  objects,  by  the  action 
of  light  upoQ  certaiQ  chemical  prepariitions. 

The  whole  art  is  based  upon  the  eirciimstante,  that  the  chemieal  element 
of  the  solar  ray  is  capable  of  blackening  or  diEiooloring  certain  compound  aub- 
Btanccfl  espoaed  to  its  influence,  tlie  jHincipal  of  which  are  yarioua  salts  of 
silver.*  This  fact  has  been  Jong  known  and  recognized,  and  as  lar  back  as 
1802,  Su'  Humphrey  Davy  succeeded  hi  obtaining  unages  upon  paper  or 
white  leather  prepared  with  nitrate  of  silver,  by  exposure  in  a  camera  ob- 
seura ; — the  parts  of  the  surEice  subjected  to  a  strong  light  being  blackened, 
while  those  Jn  the  shadow,  which  were  anacled  upon,  remained  while.  It  was 
found,  however,  impossible  to  arrest  the  action  thus  generated,  and  the  image 
formed  soon  disappeared  by  a,  continuous  darkening  of  the  whole  surfece. 
The  subject  appears  to  have  been  next  taken  up  by  M.  Niepc^,  a  French 
gentleman  of  Chalons,  who  ascertained,  in  1B23,  that  when  a  soriice  of  a  pe- 
culiar kind  of  bitumen,  known  as  "  Jew's  pilch,"  was  exposed  in  a  camera, 
that  the  parts  strongly  acted  upon  by  light  became  insoluble  in  oil  of  laven- 
der, while  those  unacted  upon,  or  inltuenced  by  weaker  rays,  retained  then' 
BolubiUty  in  a  greater  or  less  degree,  and  could  consequently  be  dissolved  off, — 
thus  (brming  an  iniperfoet  picture.  This,  and  other  interesting  facts,  Niepce 
l^d  before  the  Royal  Sodety  irf  Great  Britain  in  1827,  but  they  attracted  little 
attention,  and  in  1829  he  formed  a  partnerahip  with  a  French  artist  by  the 
name  of  Daguerre  (who  was  engaged  in  experimenting  on  tiie  same  aubjeetX 
for  the  future  joint  prosecution  of  their  inirestigalions.  Niepci  died  hi  1833, 
but  Daguerre  continued  liLs  experiments,  and  in  1839  first  exhibited,  as  the 
result  of  his  labors,  the  pictures  since  called  in  his  honor  Daguerreotypca. 
His  process  was  at  first  kept  secret,  but  was  soon  purchased  by  the  French 
Government  and  made  known  to  tlie  world — a  pension  of  6,000  franca  being 
awarded  to  Daguerre,  and  one  of  4.000  to  the  son  of  Niepce.  It  is  also  a 
vety  singular  fact,  tiiat  substantially  the  same  results  made  known  by 
Daguerre,  were  also  discovered  at  about  the  same  time  by  Mr.  Talbot,  an 

•  The  Influendo  of  light  in  prodnclng  the  cnlorgtlon  of  tiuH  may  Tib  very  prellUy  illaB- 
etin.    After  the  L»pse  of  a  few  di;s  Uic  diaraclcra  will  be  foiiiiil.  on  reiuaving  the  paper, 

QnESTiosfl.— Whiit  l9  photograpliy?  Upon  what  does  the  art  depend?  What  were 
Boma  at  the  earliest  photographic  evperlmentar  What  were  Nitpco'a  enpcrimenfs? 
Under  vbalcLreuiuEtaacctiwaatJia  daguerreotypo  proceaa  dlHcororad  and  made  kuowa? 
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Engliah  gentleman,  who  had  been  engaged  in  iUTOacigatrng  the  chemical  re- 
lations uf  liglit  for  a  number  of  yeara  previous. 

662.  Daguerieotype  Prai:«Ns , — The  Qascntial  features  of  the 
dagvierreotypo  proocaa,  as  discovered  by  Daguerre  and  now  practised,  are  aa 
IbHows;  a  higlilj'-polislied  tablet  of  silver  (copper-plated)  is  selected  as  the 
basis  of  the  picture,  and  exposed  tji  the  vapur  of  iodine.  The  iodiuo  rapidly 
atlacks  the  silver,  and  forms  over  its  surface  a  tbin  yellow  film  of  iodide  of 
diver,  which  is  so  exceedingly  sensitive  to  the  action  of  light,  that  it  is  almost 
instantly  decomposed  by  it.*  Ttie  plate  thoa  prepared,  and  carefully  pro- 
tected from  the  light,  is  fiien  exposed  to  the  image  Ibrmed  by  the  lens  of 
a  camera  obsoura.  Relatively  the  quantity  of  the  light-producing  principle, 
and  the  quantity  of  the  chemical  principle  reflected  from  any  object  are  the 
Bame ;  therefore,  as  the  li^t,  and  shadows  of  the  luminous  image  vary,  so 
will  the  power  of  producing  change  upon  the  plate  vary,  and  the  result  will 
be  the  production  of  a  picture  whicli  will  bo  a  feilhful  copy  of  nature,  with 
reversed  lights  and  shadows;  the  lights  darkening  the  plate,  while  the 
shadows  preserve  it  while,  or  unaltered.  Tlie  time  required  for  producing 
the  impression  may  vary  from  1  to  SO  seconds,  according  to  the  brightness  or 
clearness  of  the  atmosphere,  and  the  time  of  day. 

If  the  picture  thus  formed  were  left  without  further  care,  it  would  soon 
iade  away,  and  no  trace  of  it  would  appear  on  the  surface  of  the  plate.  In 
practice,  the  plate  is  not  exposed  to  tho  influence  of  l^ht  sufficiently  long  to 
form  upon  ils  surlaea  an  im^e  visible  to  the  eye,  but  the  picture  is  developed, 
or  brought  out  and  rendered  permanent,  by  exposure  to  the  vapor  of  raer- 
eury.  This  metal,  hi  a  state  of  very  fine  division,  is  condensed  upon  and  ad- 
heres to  those  portions  of  the  surface  of  tlie  phjte  which  have  been  affected 
by  the  light.  Where  the  shadows  are  deep,  there  is  scarcely  a  trace  of  mer- 
cury; but  where  the  lighta  are  strong,  llio  metallic  dust  is  deposited  of  con- 
siderable thickness.  This  deposition  of  mercury  essentially  completes  and 
fiisea  the  picture. 

The  reason  why  the  vapor  of  mercury  attaches  ilself  only  to  those  portions 
of  the  plato  which  have  been  affected  by  the  chemical  influence  of  light  is  not 
definitely  known ;  in  all  probability,  we  have  involved  the  action  of  several 
forces.  It  is  not,  however,  necessary  that  a  surface  should  be  ehomicaily  pre- 
pared to  exhibit  these  reaulia.  A  pohshed  plale  of  metal,  a  piece  of  marble, 
of  glass,  or  even  wood,  when  partially  exposed  to  the  adjon  of  light,  will, 
when  breathed  upon,  or  presented  to  tho  action  of  mercurial  vapor,  show  that 
a  disturbance  has  been  produced  upon  the  portions  which  were  illuminated; 
whereas  no  change  can  be  detected  upon  the  perls  kept  in  the  dark. 

The  next  stop  of  the  process  is  to  remove  from  the  plate  any  iodide  of 
silver  wliich  may  remain  unacted  upon,  and  which  would  be  liable  to  chaise 
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on  expoaing  the  plate  to  light  Tliia  is  eSectad  by  dipping  the  plate  into  a 
BolutioD  of  hypoeulphito  of  aotla,  wliich  dissolves  off  all  the  remainiog  sen- 
sitive coating'.  The  plate  is  protected  to  aomo  citcnt  from  mechauical  ia- 
jury,  and  a  richer  and  warmer  effect  ^vcn  to  the  picture,  by  covering  it  with 
a  rerj  delicate  film  of  reduced  gold.  Tliisia  accomplished  by  dipping  tho  plata 
into  a  solution  of  cliloride  of  gold,  and  heating  it  over  tbe  flame  of  s.  spirit- 
hmp.  • 

The  surfece  of  the  plate  is  rcndcreiJ  uneven  by  the  operation  of  l^ht  upon 
it,  so  that  it  admits  of  being  coined  by  Uie  procteaof  eleetrotvping 

663.  Paper  Photographs  — The  plan  of  obtaiuii  g  permanent  pho 
tographic  images  upon  piper  nas  ongLoally  dorised  bj  Mr  Tall  ot  of  En 
gland  in  1839.  Tlie  process  first  followed  consisted  n  soaking  ordinary 
writing-paper  in  a  weak  solution  of  common  salt  and  wl  en  dry  washing  it 
over  on  one  side  with  a  solution  of  mtrite  of  silver  Tl  la  operition  was 
performed  by  oaodlo-ligliti  and  the  paper  dri  1  by  a  fire  The  slieet  thus 
prepared,  when  laid  und  r  an  engraving  or  leatj  and  exposed  to  d  Qiiaod 
daylight  for  a  period  of  alont  lulf  an  1  oir  recLnes  a  f i  r  imj-rcaaion,  with 
the  lights  and  sliadows  rei  ersed.  The  p  dure  thus  formoit  is  preserved 
&om  further  change  by  imm  rsingit  in  a  solutun  ol  salt 

664.  T  a  I  b  0 1  y  p  e  —In  1841,  Mr.  Talbot  invented  the  process  knon-n  as 
the  Talbotypo,  or  Calotypo,  which  ia  essentially  the  plan  at  present  followed 
in  obtaining  photographs  on  paper  by  Che  camera.  The  paper  (smooth  writ- 
ing-paper) is  first  brushed  over  with  a  solution  of  nitrate  of  silver,  and  then 
immersed  in  a  bath  of  iodide  of  potassiiun.  In  tliis  way  a  surEtce  of  iodide 
of  silver  upon  paper  is  prepared,  wliich  is  not  of  itself  senaitivB  lo  the  ac- 
tion of  liglit.  These  operations  may  be  conducted  in  dlETused  daylight,  and 
a  stock  of  paper  may  bo  prepared  at  once  and  kept  for  use.  In  order  U> 
render  the  paper  sensitive  to  the  action  of  liglit,  it  is  washed  over  with  a 
mixture  of  nitrate  of  silver  with  gallic  and  acetic  acids,  and  tlien  ei:posod 
in  the  camera.  Unless  the  light  is  very  strong,  the  paper  when  withdrawn 
exhibits  no  image,  or  a  mere  outline,  but  the  compound  has  undergone  a 
very  remarkable  change ;  for  if  the  blank  sheet  be  washed  over  with  tho 
raiiture  of  nitrate  of  silver  wiUi  gallic  and  acetic  acids,  and  then  gently 
warmed,  an  image  appears  with  wonderful  distinctness  and  fidelity,  tho  por- 
tions exposed  to  the  strongest  liglita  assuming  the  darkest  tints.  The  de- 
velopment of  the  image  in  tills  process  appears  to  be  due  to  the  reducing 
agency  of  the  gallic  acid,  whidi  acta  more  rapidly  upon  those  portions  of  the 
surface  which  have  been  moat  freely  exposed  to  tho  action  of  hght  The  dor- 
mant picture  may  be  developed  many  hours,  or  even  days  aftei'  it  has  been 
produced,  provided  the  paper  be  kept  in  the  dark.  It  aeems  as  though  tho 
hghtj  witliouC  actually  producing  a  decomposition  of  the  particles  of  tho  sil- 
ver salt  upon  which  it  falls,  ^vcs  to  them  a  pecnliar  condition  of  unstable 
equilibrium,  which  predisposes  to  decomposition  when  acted  upon  by  a  ro- 

Qui^TiQNs. — tVIut  waBthc  orl^LniJ  process  for  nbt^QiDg  paper  phaL<^nipliBr    DcaciibB 
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during  agent  like  gallic  acid.  Tlie  picture  ia  preserved  in  this  instance,  as 
in  most  others,  from  future  clian;^,  by  dissolving  off  the  exciting  agents  by 
solutions  of  tlio  liyposulpliii'^a. — Milleu. 

As  silver  t^leta  are  expensive,  and  paper  somewhat  unreliable,  glass 
coated  witli  a  sensitive  substance  liaa  been  extensivtitj  introduced  aa  a  ma- 
terial for  receiving  the  plioK^apliie  Images.  ■  Glass  is  chMy  prepared  for 
tliis  purpose  in  two  ways ;  by  coating  it  witli  a  thin  film  of  albumen  containing 
iodide  d  polaasium  (the  albumen  proocsj) ;  or  by  coating  it  with  collodion,  con- 
tmning  iodide  of  potassium  (the  collodion  process).*  The  surfaces  tbus  formed, 
when  dried  and  washed  with  a  compound  of  silver,  are  ready  for  exposure 
in  the  camera.  The  collodion  film  can  be  rendered  so  sensitive  to  light,  that 
a  perfect  picture  can  be  formed  upon  it  by  an  exposure  continuing  for  less 
than  one  second  of  time.  In  wliat  are  called  ambrotypes,  the,  picture  is  first 
formed  upon  a  film  of  collodion  and  then  varnished  witli  a  solution  of  bal- 
sam, which  is  thought  to  render  the  imago  more  distinct 

Allliough  the  ;^nt3  indicated  are  the  ones  chiefly  employed  in  phot- 
ography, recent  researches  liave  shown  that  nature  abounds  in  materials  sus- 
ceptible of  photographic  action.  Preparations  of  gold,  platinum,  mercury, 
iron,  copper,  tin,  nickel,  manganese,  lead,  potash,  etc,  have  been  found  more 
or  lees  sensitive,  and  capable  of  producing  pictures  of  beauty  and  distinctire 
character.  The  juices  of  many  plants  and  flowers  have  also  been  put  into 
requisition,  and  papers  impregnated  with  them  have  been  made  to  receive 
dcUcato,  though  in  most  cases,  fugitive  imnges.f  Attempts  have  also  been 
made,  with  a  considerable  degree  of  success,  to  cause  the  light  not  only  to 
draw,  but  also  to  engrave  llie  image  upon  a  prepared  basis,  in  such  a  way 
that  tho  surface  may  bo  used  for  printing, 

663.  Pholagrapha  in  Colorn — AH  attempts  to  produce  photo- 
graphs in  their  natural  colors  have  as  yet  been,  on  the  whole,  unsuccessful, 
although  a  partial  success  has,  in  some  instances,  been  attained  to.  The  cir- 
comstance  that  the  rays  by  which  phon^aphio  elTecls  are  produced  are  dirrh 
rays,  entirely  distinct  from  tho  rays  eonstitutiiig  color,  would  appear,  a  priori, 
untkvorable  to  a  successful  result. 

•  ARmmMi  la  preparecl  for  this  purpose  by  beating  up  the  vMte  of  ei^  fllb  lodWc  of 
potMstnm,  Collodion  miiture  1b  formed  b^  diaHplying  gun-cotlon  in  etber,  and  adding 
Iodide  of  potasaLum. 

t  The  trrniB  wMcli  hsTe  been  applied  to  designate  the  effeclg  rceuiUng  from  the  use  of 
Tariuus  material*  are  very  namerous.  Thas  we  have  the  Cht^Kot'jpe,  in  which  sails  of 
imnani!  gold  are  uied;  Cvanotiipe,  In  which  imprearionB  are  produced  by  saltB  cf  Iron,  in 
conjunctiiin  »ltb  thoBoofoyanoe?!!!  AniluilnpB,  In  which  julcea  of  the  jioppj,  rose,  elc, 

Irictcd  W  a  few  subaUacear    lUuatrata  tbis  faoC 
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Oroanic  Chemistry  ia  that  department  of  science  which 
treats  of  the  chemical  nature  and  relations  of  those  sub- 
Btances  which  are  derived,  either  directly  or  indirectly, 
from  denized  beings,— animal  or  vegetable. 


CHAPTER    XVI. 

NATURE     OF    ORGANIC     BOIJIES. 

686.  Composition  of  OrBsnic  Subs t a nces—The  number 
of  elements  which  enter  into  ttio  eompositioo  of  organic  subalanees  13  ok- 
tremeiy  limited,  the  grea  bulk  of  allof  them  being  nmdo  up  of  carbon,  hydro- 
gan,  oiygen,  and  nitr(gen,  with  which  are  generally  ssaoci  ted  extremely 
Kinal!  quantitjea  of  sulphur,  phosphorus,  iron,  and  a  few  oUier  elements.  The 
infinite  diflerences  of  appearance  and  properties  which  organio  eubstancea 
manitbst,  is  due  oither  to  a  variation  in  the  nnmbcr  of  the  combining  atoms 
of  Lheir  constituent  elemenls,  or  to  a  variation  in  the  grouping  or  arrangomont 
of  the  oonatituont  atoms  as  respects  each  other. 

Thus,  for  example,  vinegar  differa  Irom  alcohol  only  in  containing  a  little 
moreosTjgen  and  a  little  less  hydrc^n,  while  the  proportion  of  carbon  is  the 
same  in  both ;  the  change  of  properties,  which  is  occaaonod  by  this  sUght 
cliange  in  compoation,  is,  however,  esceedhigly  great;  on  tlie  other liand,  the 
most  careful  chemical  analysis  reveals  no  difference  in  the  compodljon  of 
woody.fiber,  starch,  and  gum,  each  consisting  of  precisely  the  same  elements 
united  in  the  same  proportions.  The  difforenoo  in  properljea  in  this  ease,  is 
supposed  to  be  due  to  a  dilfercnco  in  tho  grouping  of  the  atoms,  somewhat 
aa  is  repreaenled  in  Figs.  20S,  306,  207. 
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The  number  of  such  isomeric  bodies  in  organic  chemi?trj  is  Tcry  large, 
wbilo  their  occurrence  in  inoi^anjc  cliemistry  is  extremely  rare, 

FiQ.  205.  Fm.  20G.  Pia,  207. 


B7  far  the  largest  proportEon  of  the  sub»tance^  which  make  up  the  strui^ 
ture  of  plants  are  composed  of  but  tlirie  elements — carbon,  hydrogen,  and 
OKygcn.  Animal  subslimcea,  nn  tlic  contrary,  arc  generally  characterized  by 
the  presence  of  nitrogen.  Bodies  wiiich  contain,  nitrogen  a 
aaitized  eompoucda  ;  and  Uioae  whiuh  aro  wanting  in  i 
pounds. 

687.  The  elements  of  organic  bodies,  in  uniting  with  each  other,  aro  gov- 
erned by  the  same  laws  of  combmation  which  regulate  the  compo^tioii  of 
mineral  or  inorganic  substances.  The  manner,  however,  in  which  the  atoms 
of  the  constituent  elements  are  aesodal«d  in  the  one  class  of  compounds  is, 
in  general,  alti^ther  different  from  what  it  is  in  the  other — inor^nic  com- 
pounds being  cliaractorized,  lor  the  most  part,  by  a  great  dmplieity  of  compo- 
sition, while  those  of  organic  origin  are  remarkable  for  their  very  great  com- 
plexity. Thus  water,  HO,  is  composed  of  1  atom  or  equivalent  of  hj'(irogcn, 
and  1  of  osygen ;  Sulphuric  acid,  SOs,  of  1  of  sulphur  and  3  of  oxygoQ]  hy- 
drochloric acid,  HCl,  of  1  of  liydrc^n  and  1  of  clil  .rine,  etc  On  the  other 
hand,  alcohol  consists  of  4  aioms,  or  equivalents,  of  curtion,  6  of  hydrogen, 
and  2  of  oxygen,  its  composition  being  represented  by  the  formula  C4IIbOj  ; 
and  ordiuaiy  si^ar,  of  1 2  atoms  of  curbon,  1 1  of  Itydrogen,  and  1 1  of  oxygen, 
or  CisHiiOii.  The  composition  of  stearic  acid,  the  basis  of  slearine,  is  also 
represented  by  the  formula  CibHcsOh.  and  that  of  Gbrine,  the  principal  con- 
stituent  of  muscular  fiber,  by  CiMlIsioNniOnoPS. 

As  a  consequence  of  this  complexity  of  composition,  organic  substances  aro, 
as  a  class,  far  more  unstable  and  more  liable  to  decomposition  from  slight 
causes  than  inorganic  substances  I — the  power  to  resist  tlie  action  of  disturb- 
ing forces  decreasing,  as  a  general  rule,  as  the  number  of  combined  atoms  or 
eiiuivalents  increases.     It  is   also  a  noticeable  fact  that  all  those  organic 
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bodies  which  discharge  high  otganic  functiona,  aa  the  Bubatanco  of  tho  brain, 
the  nervea,  and  tlie  blood,  have  a  most  wouderMly  complex  constibution,  and 
aie  suseeptibio  of  diaoi^uiaation  from  the  slightcat  caiiaes.* 

When  organic  substancea  are  decomposed  by  the  acljoii  of  lioat^  light,  elec- 
tricity, chemical  afBuity,  and  even  by  mechanical  action,  they  do  not  teod  to 
divide  into  separate  and  isolated  clemcuta,  bat  to  form  inore  simple  com- 
pounds.  Thua  1  (compound)  atom  of  grt^  sugar,  CjjHhOh,  easily  divides 
in  2  atoms  of  alcohol,  2(C4H«Oa),  4  of  carbonic  acid,  and  2  of  walcr.  If  an  or- 
ganic body  be  exposed  to  an  intense  d^ree  of  heat,  with  access  of  air,  ila 
constituents  all  tmile  with  oxygen  to  form  gaseoas  compounds,  and  it  is  com- 
pletely consumed — generally  after  it  has  been  converted  mto  a  black,  earbon- 
aoeoua  mass.  Tho  property  of  blackening  when  a  body  is  exposed  to  beat, 
which  is  duo  to  the  presence  of  carbon,  is  a  sure  eliaractcristic  of  ila  organic 
derivation. 

668.  Origin  of  Organic  Substances. —  Organic  sub- 
stances have  their  origin  entirely  in  plants. 

Tbe  chemist,  when  be  exerts  his  skiU  on  materials  of  an  organic  ori^n, 
extracts  a  series  of  substances,  each  proceeding  Irom  the  oilier,  whose  com- 
position becomes  more  and  more  wmple,  until  it  roaches  some  species  known 
to  mineral  cliemistry.  Thus,  from  sugar  we  may  extract  alcolKd  and  car- 
bonic acid,  and  Irom  alcohol  water  and  bi-carbureted  hydrogen.  In  the 
Tcgotable  organization,  on  the  other  band,  an  operation  exactly  the  reverse 
takes  pi  ICO.  The  Uving  structure  takes  in  air,  water,  and  mineral  elementsj 
assimilates  them,  and  in  virtue  of  a  cerbun  peculiar  force,  builds  them  up  and 
disposes  tbem  into  groups  of  a  certain  stabiUty — or  hito  organic  prodaot& 
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Tlie  force  by  which  thia  result  13  brought  about  is  oidled  the  vital  or  life  force ; 
but  we  know  nolhing  of  its  nature,  and  recc^nize  it  siuiply  by  its  effects. 

Organic  substance's  Ihua  oi%imited  paaa  into  the  systems  of  animala,  wliioh 
possess  uo  power  of  creaiing  or  forming  the  materials  which  compoao  their 
Htructures,  and  can  only  consame  aud  trans/urm  that  which  is  supplied  to  thom 
by  plants. 

Man  has  noTOr  yet  been  able  to  artificially  make  an  oi^anic  body ;  by 
which  aasertion  we  mean  to  bo  understood,  that  he  h^  never  been  ahlB  to 
tako  the  aii^le  or  dead  elements,  and  cause  thom  to  unite  at  will  so  aa  to 
form  compounds  like  those  produced  through  tiie  agency  of  animal  or  yege- 
tiblo  life.  Chemists  are,  however,  able  to  transform  one  organic  body  into 
another,  or  to  unito  miitoriala  derived  from  substances  already  oi^anizcd  into 
compounds  posaesang  charactors  entirely  difforent  from  IJiose  of  thoh  con- 
Btituonta.  Thus,  starch  may  be  transformed  into  sugar,  and  sugar  into  tho 
acad  of  ants  (Ibrmic  acid) ;  some  of  the  easontial  oils  liavo  also  been  produced 
artificially,  and  within  the  last  few  years  (1855),  Dertholet,  an  emhient  French 
chemist^  has  succeeded  in  making  alcohol  from  sulphuric  acid,  water,  and  bi- 
carburetted  hydrogen.* 

6G9.  Compound  Radicals. — It  has  boen  already  shown  that  cyano- 
gen and  ammonium,  compound  bodies,  comport  themselyea  in  every  respect 
like  radicals,  or  elements.  In  organic  cliemistry  many  such  compound  radi- 
cals are  recognized,  somo  consisting  of  two  elements,  carbon  and  hydrogen, 
and  some  of  tliree  or  four,  carbon,  hydrt^en,  oxygen,  and  nitrogen.  Somi^ 
like  cyin<^n,  eorrtspond  in  properties  to  the  metalloids ;  others,  like  ammo- 
nium, resemble  the  metals,  and  both  by  uniting  witli  oxygen,  cldorJDC,  and 
adds,  form  oxyds,  chlorides,  and  salts.  Each,  also,  by  the  addition  or  group- 
ing round  it  of  other  molecules,  constitutes  the  root  or  basis  of  a  wholo  class 
or  series  of  compounds. 

Thus,  for  example,  carbon  unites  to  hydrc^n  in  the  proport  on  of  1  atoms 
of  the  former  to  5  of  tlie  tatter,  CiHj,  to  form  a  radical  caUed  El}  yb'  Ethj  lo 
oiydated,  forms  osyd  of  ethyle,  or  other,  0ilIi-|-O;  oxyd  of  ethylo  plus  an 
atom  of  water,  forma  hydrated  osyd  of  ethyle,  CjIlfcO  HO  or  alcohol,  tho 
formula  of  which  is  generally  written  C<H(Oj ;  etbyli.,  plus  an  atom  of  chlo- 
rine, forms  chloride  of  ethyle,  CjH(,Cl,  and  if  sulpliur  bo  eulMituled  in  tie 
place  of  chlsrine,  we  have  sulpliido  of  ethyle,  Cjlls,^    and  m  tl  s  way  bj 

•  The  mnselea  of  animala  ind  tho  fiber  of  wood  consist  otdsllnrtchcimiuilcomponnds. 
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(ho  continued  jidditioQ  or  subtraction  of  eleiacuta,  a  great  yaricty  of  compounii 
bodies  may  be  formed,  all  referable  to  one  central  radicaL  Bthyle  itself  may 
be  alao  obtained  from  its  oxyd,  as  potassium  is  derivable  from  oxyd  of  po- 
tassium, or  potassa,  althougli  by  a  different  process. 

Tlio  discovery  and  recognition  of  these  compound  radicals  has  greatly 
racilita,tcd  the  progress  of  organic  chemistry,  and  haa  rendered  it  possible  to 
classify  and  arrange  in  groups  a  great  number  of  bodies,  which  from  their  <ii. 
vorae  properties  would  seem  to  have  no  connection  with  each  other.  Thus, 
the  fats,  the  oils,  the  resina,  tho  alcohols,  the  ethers,  with  many  coloring, 
odoriferous,  and  medicinal  substances,  are  now  grouped  and  studied  as  de- 
rivatives from  various  central  radicals,  and  not  as  independent  principles. 
Tliero  are,  however,  many  oi^anie  subslanccs  of  great  importance,  the  radi- 
cals of  which  have  not  yet ' 


CHAPTER    XVII. 

ESSENTIAL  IMMEDIATE    PRINCirLES    OP    PLANTS. 

670.  Bt  tlic  essential  immediate  principles  of  plants,  we  understand  those 
substances  ivliich  the  phmt  appears  to  form,  throi^h  the  agency  of  tho  vital 
force,  directly  from  the  inoi^uic  elements  obtained  from  witliout ;  or  those 
principles  wliioh  mainly  eonstituW  tlie  structure,  in  a  greater  or  l>:as  degree, 
of  all  plants,  and  are  essential  to  their  existence. 

These  substances  are  also  often  spoken  of  as  the  proximate  priodples  of 
plants,  and  are  conveniently  divided  into  two  classes,  vii.,  those  which  con- 
tain nitrf^n,  as  albumen,  gluten,  vegetable  casein,  etc.,  and  those  which  are 
destitute  of  this  element,  as  vegetable  tissue  (woody-fiber),  starch,  gum,  sugar, 
etc.  The  separation  of  an  organized  substance  into  its  proximate  substances, 
or  principles,  '\s  t^Wei  \Xs  proximate  analysis ;  and  its  separation  into  its  final 
or  simple  elements,  its  ulftniate  aaaly^. 

In  tlie  consideration  of  the  two  classes  of  the  proximate  principles  of 
plants,  it  ia  most  convenient  to  commence  with  those  which  do  not  contain 

SECTION    1. 


rganic  Structure. — Since  tho  discovery  of  tlio  microscope, 
i  efibrla  have  been  made  to  ascertain  the  manner  in  which  dead 
iooi^anic  elements  unite  to  form   organized  and  living  si 

vo  c^asBca  are  the  pruiLnJBU)  principles  of  plants  divided  t 
proiiitiate  and  an  ultimate  Aiuly^  f 
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The  remilt  of  all  inquirica  liavo  terminated  in  the  establish- 
neat  of  a,  single  tiKt,  viz.,  that  the  lowest  primaiy  furm 
of  orgaaization  we  van  detutt,  whether  of  the  iudividiml 
(animal  or  vegetable)  or  of  its  parts,  is  a  cell — a  littlo  glob- 
■r  oval  body,  mombmaou3  or  solid  externally,  fluid 


within.    (See  Figi 
not  go,  or  aay  how  it 

of  cells  always  precodt 
Bols,  or  any  of  tlie  mo 

Cells  once  formed,  multiply  in  number  by  di 
ri  a  ■>0<»  'lO),  and  by  the  introduction  of  na  v  matter 
from  without,  a  id  tl  us  it  13  that  all  growth,  or  increase  ui 
\olum8  and  weight,  m  all  aninals  and  vefeetibles,  takes 
place  and  an  ammal  or  plant  13  a  struLtiire  built  up 
of  individual  CLlii, 


I.)  Beyond  tl 
that  the  elomontary  particles  uf 
lie  this  form ;  but  tlie  appearance 
the  fonnatioD  of  circulating  vca- 
I  complex  forms  of  organic  stniu- 


FlO    21 


.what 


J  01 


built    of 


sume  a  great  i  ariety 
ofSwrna.  Tlieliairs  on  the  surface  of  plaits  an.  cells  drawn  out  into  tuhoa,  or 
are  composed  of  continuous  rows  of  cella.  Cotton  coosiaJa  of  simple  Ivag 
hairs  on  the  coat  of  the  seed ;  and  each  of  these  hairs  ia  a  single  cell.  Fig. 
212  Is  a  microscopic  appearance  of  a  section  of  the  stalk  of  the  caSa,  showing 
the  arrangement  of  the  cells,  with  paaaagea  between  them.* 


■Thee 


3  of Ihe  t 


la  thlrtteth  t< 
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613.  A  living  cell  poSHessts  a  wonderful  power  of  infiuencing  chemical 
action;  and  vihat  is  called  "  aecredim"  in  animals  and  plants  is  the  result 
of  the  exercise  of  this  fiincWon.  By  means  of  it,  the  cell  first  draws  in  or 
secretea  inorganic  matter,  and  then  organizes  it,  or  fita  it  into  its  own  struc- 
ture. Different  cells  maDifbst  very  dilTereiit  powers ;  for  example,  one  kind 
of  cell  will  decompose  carbonic  acid,  reject  the  oxygen,  and  prcsorvo  tlio  car- 

riQ.  212, 


don  within  its  walla  or  tissues ;  another  will  produce  out  of  the  inorganic  con- 
stituenla  of  the  air  the  odoriferous  prindpleof  the  rose;  a,  thuil  mil  convert 
a  portion  of  blood  into  millt ;  and  yet  to  the  eye  they  ore  all  alike,  "a  collec- 
tion of  little  wet  bladders." 

671.  Cellulose,  or  Cellular  Tissue,  CHigOi^.— The  mate- 
rials of  which  the  walls  of  the  ecDa  of  plants  is  composed  is  termed  in  cliem- 
islrycdbdaee,  or  celluiar  tiseite.  It  consists  of  three  elements,  carbon,  hydrogen, 
and  oicjgen,  and  has  the  same  composition,  when  pure,  in  all  plants.  It  is 
distinguished  among  all  the  substances  which  enter  into  the  composition  of 
plants  by  ila  great  reaistanee  to  chemical  agents — a  resistance  which  allows 
its  separation  in  a  state  of  purity. 

Cellulose  is  nearly  pure  in  cotton,  and  in  the  fibers  of  the  fiax  and  hemp, 
plants,  also  in  paper  and  old  linen  and  cotton  cloth.  The  dilference  hctweea 
cotton  and  flax:  is  due  amply  to  a  difference  in  Uie  mechanical  construction  of 
their  fibers ;  the  fiber  of  cotton  being  a  flatl«ned  tube  or  hollow  ribbon  with- 
out joints,  and  with  pointed  or  rounded  ends;  while  the  fibers  of  flax  and 
liemp  consist  of  rounded  tubes  (cells)  bundled  or  jointed  together  in  parallel 
directions,  and  easily  separable  into  shorter  and  more  minute  filaments. 
Cotton  Sbors  have  what  is  called  a  staple ;  tliat  is,  they  are  eU  of  the  same 
length,  and  are,  therefore,  easily  spun  by  macbineiy;  flax  and  hemp  flbers 
are,  on  the  contrary,  irregular  in  length,  and  are  more  rigid  tlian  cotton,  and 
can  not  be  so  easily  twisted  into  fine,  regular  threads.  Pig.  213  representa 
the  microscopic  appearance  of  cotton,  and  Fig.  214  that  of  flax. 

Cellulose  is  Insoluble  in  water,  alcohol,  ether,  and  dilute  acids.    By  trcat- 

QuESTioNS. — what  property  do  cells  possess?  lllustrfttt  this.  Wliit  is  celluloBt? 
lutes  thB  dlfferenre  lietween  flui  and  cotlon  f  .  What  la  meant  by  tbe  aUple  of  eotlon  P 
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ing  sawdust  succesMvely  with 
FlQ.  213. 


tor,  alcohol, 
'0  from  tha 
wuod  all  its  soluble  coustitu- 
euts,  aud  obtuiti  cehulose  ia 
a  pure  condition.  By  coq- 
tinued  contact  with  chlorine, 
acids,  and  alkalica,  cellulose 
is,  however,  gradually  de- 
composed ami  destroyed. 


r,  alkalies  and  ac'd^ 
Fig.  214. 


6  7  5. 
Pyroxyline.  —  W 


1  of  n 


len  oellu- 
othe  ao- 


;ture  of  nilric  and  sul- 
phuric acids,  it  gives  up  a 
portion  of  its  liydro^n  and 
ojtygen  (as  water),  and  receives  nitric  acid  in  place — becoming  transformeil 
thereby,  without  change  of  pliyacal  appeanmoo,  into  an  explosive  substance 
which  is  knowa  as  giat-coWm,  or  pyrKcyhne. 

Tho  process  by  which  gun-cotton  ia  formed  is  eaaontiallv  as  follows ;  per- 
focUy  clean  cotton  ia  soaked  for  about  five  minuter  m  a  mixture  composed 
of  1  part  concentrated  nitric  acid,  with  2  parts  concentrated  sulpliuric  aoid; 
it  is  then  removed,  carefully  washed  with  water  from  every  trace  of  acid, 
and  dried  by  exposure  \o  the  air.  As  thus  prepared,  it  retains  the  appear- 
ance of  cotton,  but  inflames  instantaneously  when  touthed  with  a  hot  wire  or 
lighted  match,  and  when  struck  with  a  hammer  upon  an  anvil,  explodes 
wilh  great  violence.  When  used  in  fire- irras,  it  acta  like  gunpowder,  but  its 
oxplodve  Ibrco  is  at  least  four  times  greater  than  that  of  powder,  and  it  does 
not,  moreover,  foul  the  gun  to  the  same  estent  as  the  latter  subi^lance.  Its 
liability  t«  burst  tho  gun  and  to  accidental  explosions  has,  however,  caused 
its  rejection  for  most  practical  purposes,  and  in  experimenting  with  it  too 
great  caution  can  not  he  exiercised.  By  subjecting  starch  and  sugar  to  treat- 
ment witli  nitric  acid,  other  exploavo  substances  analogous  to  gun-cotton 
may  he  Ibrmed. 

616.  Collodion  I — Gun-cotton  is  insoluble  in  both  water  and  alcohol  \ 
it  diaaolvps  sparingly  in  pure  ether,  but  readily  in  ether  containing  a  small 
percentage  of  alcohol  Ita  ethereal  solution  constitutes  a  syrupy  liquid  which 
yields  by  evaporation  a  thin,  transparent,  powerfully  adhesive  sutatanee,  in- 
soluble in  wator.  This  product,  which  has  received  the  name  of  eollodioa, 
is  advantageously  used  as  a  suhstiliite  for  courUplatter  for  the  covering  of 
wounds,  and  also  as  a  sensitive  basis  for  the  reception  of  pholt^raphic  pictures. 

617.  Parcliment   Pape  r.— When  paper  ia  exposed  to  a  mixture  of 

making  Run-cottunr    Wliat  are  its  prupertits  t    What  is  collodloDt    Wliat  action  does 
£ulplluric  acid  liavQ  upon  paper  i 


HnjtcdbyGoOglc 


VEGETABLE    TISSUE, 


409 


!  parts  ooncentrateii  sulphuric  acid  (s.j.,  l'S54,  or  tlicrcaboula)  with  1  of  water, 
for  no  longer  time  than  is  taken  in  drawing  it  through  the  aoid,  it  ia  imme- 
diately converted  into  a  strong,  tough,  akin-lilte  material,  to  which  the  naino 
" pardtmeai  j/apcr"  has  been  applied.  All  traces  of  tho  Bulphuric  acid  must 
iustanUy  be  removed  by  washing.  If  tlie  strength  of  the  acid  much  exceeds 
or  falls  short  of  the  limits  uamed,  tlio  paper  is  eitiior  charred  or  transtbrmeil 
into  other  compounds.  By  this  treatment,  in  a  little  more  than  a  second  of 
tiuio  a  piece  of  feeble,  porous,  unsized  paper  is  rendered  so  strong,  that  a 
ring  seven  eighths  of  an  inch  in  width  is  said  to  be  capable  of  sustaining  a 
weight  of  90  lbs.  The  nature  of  tho  cliaufio  thus  effc  cte  1  is  not  understood, 
tlie  chemical  composition  and  weight  of  the  paper  remammg  unaltered.  It 
is,  however,  somewhat  contracted  in  dimensi  n»,  is  not  afTected  by  witerhlie 
common  paper,  and  is  not  decomposed  by  heat  and  moisture  bke  common 
parchment 

678.  L  i  e  »  i  n  e  . — As  tha  growth  of  the  plant  Cont  nue^  the  walls  of  the 
cells  constituting  tho  cellular  tissue  generailv  tiecomo  ncru-rted  on  their  m 
tenor  surfaces  with  a  substance  formed  from  the  organic  matters  dissolved 
in  tlio  sap.  Tliis  substance  constitutes  ti  b  pnni  pal  part  of  the  weight  of 
wood  (ligrmra),  and  is  chemically  known  as  lig  iin'  It  ^tjws  thicker  with 
the  ^c  of  the  pUrat,  and  finally  fills  up  the  ccUs,  Fis  215 

leaving,  however,  minute  pores  or  condu  ts  for  the 
circolation  of  the  sap.  Fig.  215  represents  ami 
croscopio  section  of  wood-cells  of  tho  b  reh  nearly 
filled  up  by  regular  depositions  ol  lii^n  ne 
difierenco  between  tho  beart-wood  and  sap-wood, 
or  external  wood,  of  a  tree,  is  due  simply  U 
(act,  that  the  cells  of  the  center  are  tho  oldest,  and  ^ 
consequently  are  more  densely  and  compactly  filled  Q. 
with  ligneous  matter  than  tliose  which  have  Ik 
formed  later,  and  constitute  the  exteriorof  the  tree 
It  is  by  this  thickening  of  the  cells  that  the  skms 
of  fruits  and  the  sboUs  of  nuts  acquire  their  hard- 
ness, and  it  is  amply  throu^  variations  in  the  continuance  of  this  process, 
and  in  the  nature  of  the  materials  dopoauted,  that  all  the  different  appearin  i.' 
of  wood  oripnate ;  tlie  coloring  and  resinous  matters  of  wood  being  depooite  1 
in  connection  with  the  lignine. 

lignine  can  not  be  isolated  in  a  state  of  purity ;   it  is  supposed  h 
for  somewlmt  ttoia  cellulose,  or  the  original  cell  membrane,  in  contammf,  > 
littlo  more  hydrogen  and  carbon ;  it  is,  therefore,  richer  in  combustible  n 


679.  1 


lO  heat  in  close  vessels  (distillation),  o 


Of  Wo 


— When  wood  is  sub- 
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variety  of  products  are  oMaiaed,  which  are  characterized  bf  siagulariy  differ- 
ent properties.  Tlia  principal  of  tlieeo  are  charcoal,  whieU  is  not  volatile, 
and  remains  beliind,  iilumioating  gas  (carburets  of  hydrog,.'L),  carbonic  acid, 
water,  pyroJ^euua  acid,  and  a  rcaiiious  substance  linown  as  "wood-tar." 
Of  ih.se  several  subatanoes,  the  two  last  oentioQed  only  remain  unuonsid- 
cred ;  they  are  extenavely  used  in  the  arts,  and  are  obtained  npon  a  lai^o 
Kcale  by  distilling  wood  in  iron  cylinders. 

H80.  Pyroligneous  Aoid,  8onictiniescaUeduioo(ltwic$ar,isahrowii 
acid  liquid,  having  a  strong  sraoky  taste  and  flavor.  It  is  obtained  moat 
abundantly  by  the  distillalioQ  of  dry  beuch-wood — a  pound  of  wood  yielding 
nearly  one  half  pound  of  acid.  Its  usua  and  chemical  eompodtion  will  be 
liertrafter  noticed. 

68L  Creosote  is  a  colorless,  oily  fluid,  obtained  ttom  pyroligneoua 
acid  and  wood-tar.  It  possesses  a  peculiar  penetrating  odor  of  smoke,  and 
wlien  applied  to  the  skin  of  the  mouth  or  tongue,  acts  as  a  cautery. 
Creosote  is  ore  of  tlie  must  powerful  antiseptic  agents  known  in  cliomistry. 
Hence  the  etymology  of  its  name,  from  the  Greek  Kjieur,  Jles/i,  and  oufu,  I 
preserve.  Meat  steeped  ibr  about  34  hours  in  a  solutiun  of  I  part  of  creosote 
lo  1 00  of  water,  is  rendered  incapable  of  putrefiiction,  and  acquires  a  delicate 
flavor  of  smoke.  It  is  indeed  the  presence  of  tliis  pjinoiple  in  wood-smoke 
which  pves  to  the  latter  its  oluracteristie  smell,  its  property  of  causing  laoh- 
tymation,  and  its  power  of  curing  meats  and  fish.  Creosote  diluted  with 
alcohol  is  otten  cmployel  for  relievir^  tootiiache  ari^g  from  putrelactive  de- 
cay in  the  substaooe  of  the  tooth,  and  as  a  styptic  for  checking  heraorrh;^ 
'When  taken  internally  in  any  qimnlity  it  is  a  corrosive  poison,  but  a  very 
dilute  solution  is  sometimes  given  in  medicine.  It  is  also  extensively  em- 
ployed by  liquor  manufacturers  fOT  imparting  the  peculiar  smoky  fla.vyr  to 
what  is  called  "  Irish  whiskey." 

682.  T  a  T, — There  are  several  varietio  of  tar.  The  kind  so  largely  em- 
ployed in  the  arts,  as  in  ship-building,  is  obtained  by  subjecting  to  a  rudo 
process  of  distillation  tlie  roots  and  wood  of  the  resinous  pine ;  another  va- 
riety of  tar  is  obtained  from  the  destructive  distillation  of  hard  wood;  ami  a 
tliird  fro:n  Uie  destructive  distillation  of  coa](oHif-far). 

"Vrood-tai  is  insoluble  in  water,  but  soluble  in  alcohol,  and  is  extremely 
rich  In  csrbon,  -vhich  gives  it  in  part  its  black  color.  When  applied  to  wood 
it  ezerts  a  preaci'^ative  action  by  reason  of  the  creosote  it  contains,  and 
also  by  ^reven^mg  the  penetration  of  moisture.  On  distillation,  it  separates 
inti.  a  Tola^'ls  oil  (lil  of  tar)  and  a  non-volatile  substance,  pilch. 

Fron;  oil  ot  t^ir  a  great  number  of  products  may  be  extracted,  all  of  which 
nre  compcmds  tf  carbon  and  hydrogen.      One  of  these,  called  evpioa,  an 
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oily,  fragrant  substance,  is  tlia  lightast  of  all  known  liquids.  Another,  pa- 
rafine,  is  a  white,  crystalliaable  subatauoo,  closely  reseiobling  spermaceti  in 
appearaace. 

Ooal-lar  is  a  mixture  of  solid  and  liquid  hydrocarbons,  and  is  fonneil  abun- 
dantly in  the  production  of  illuminating  gu3  from  coal,  whicli  is  a  vegetabls 
substance.  It  waa  ibnnerly  regarded  as  a  useless  product,  but  within  the 
past  few  years  it  has  been  rendered  raluable  by  the  discovery  of  economical 
methods  of  separating  it  into  its  conatitueiits.  This  is  princapally  effected  by 
diatilling  at  different  and  carefully  regulated  temperatures,  and  condeosi^ 
llie  disttllalfls  in  the  order  of  their  volaUlily. 

Tlia  first  product  of  distillation  is  a  limpid,  oily  liquid,  called  bensole.  It 
closely  resembles  oil  of  turpentine  ia  appearance  and  odor,  and  is  highly 
volatile  and  inHammable.  A  current  of  moist  lur  passed  throu^  benzole 
becomes  80  thoroughly  and  permanently  impregnalfld  with  its  vapor,  that  it 
may  be  conveyed  away  in  pipes  and  burned  as  an  illumlnatiug  gas.  Tho 
applicaUoD  of  this  property  of  benzole  constituted  tho  essential  feature  of  tho 
BO-called  "  portable  gas  generators."  Benzole  is  also  used  ta  a  considerable 
extent  as  a  most  ready  and  cheap  solvent  for  various  re^ns,  camphor,  the 
essential  oils,  greaae,  was,  India  mbber,  and  gutta-percha. 

The  second  important  product  of  tlie  distillation  of  coal-tar  is  a  heavy  oil, 
not  readily  volatile  at  ordinary  temperatures.  It  is  known  as  "  amp"  oil,  or 
heavy  oil  of  coat-tar,  and  is  extensively  used  for  the  lucubration  of  madiinery, 
and  for  ilium inatng  purposes. 

Similar  oils  may  also  bo  obtained  in  much  hrger  quantity  and  more  cheaply, 
by  directly  distilling  tlie  richer  varieties  of  bituminous  coal:  tho  producta 
known  as  "  Brcckenridge  coal  wis"  being  produced  in  this  manner.  In  addition 
to  these  oils,  both  coal  and  coal-tar  also  furnish  by  distillation  a  great  variety 
of  other  products;  among  which  are  a  white  volatile  solid  called  napl/Kdine, 
somewhat  resembling  eamplior  In  appearance,  and  exhaling  a  feint,  but 
agreeable  odor,  and  several  less  volatile  wax-!iko  substaneca,  which  have 
been  employed  to  some  extent  for  the  manufacture  of  candles. 

Coal-tar,  mixed  with  gypsum,  gum  shellaQ  and  other  substances,  forms  a 
water-proof  and  durable  material  for  the  covering  of  roofs.  By  subjecting 
the  producta  of  coal  and  coal-tar  to  the  action  of  chlorine  and  tho  acids,  an 
almost  endless  variety  of  curious  compounds  may  be  generated,  some  of  which 
have  important  industrial  appticationa  Benzole  distilled  with  nitric  acid, 
yields  a  highly  fragrant  substance  (nilro-bensole),  so  closely  resembling  the  oil 
of  bitter  almonds,  that  it  has  almost  entirely  superseded  the  latter  in  the  pro- 
pMntion  of  perfumery  and  the  scenting  of  simps.  The  heavy  oil  may  also  bo 
converted  by  treatment  with  the  same  acid  Into  a  beautiful  lemon-yellow, 
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orystaJline  substance  (aarhasotii:  acid\  wliith  is  capable  of  imparting  to  silk 
sod  wool  a  brilliunt  yellow  color. 

683.  Mjueral  Oils,  Ptirukum,  2!aphllui,  etc. — Oils  similar  in  compoai- 
tion  and  properties  to  those  obtuued  from  tlio  distillLitiou  of  cool,  are  observed 
to  issue  from  tbe  earth  in  many  localities,  and  often  in  considerable  ubuodanco. 
Tbey  are  supposed  tu  bo  geneniltd  by  tbe  action  of  internal  heal  upon  beds 
of  coal,  or  upon  rocka  ticli  in  bituminous  matter.  The  nature  of  tliese  oiU 
differs  greflUj — the  thinner  and  purer  varieties  being  generally  called  ■aa^tOia, 
and  OiB  more  viscid  liquids  peirokam.  The  most  abundant  localities  of  theso 
substances  are  in  Persia,  in  the  vicinity  of  Uio  Caspian  sea,  in  Italy,  and  in 
Birmah.  They  are  also  found  in  maay  places  in  the  United  Stales — the  weU- 
known  "  Sftteca  oil, "  found  in  the  vicinity  of  Seneca  Lake,  N.  Y.,  being  a 
product  of  this  charaet«r.  At  Baiu,  in  Persia,  extensive  beds  of  mart  exist 
which  are  saturated  with  naplitha,  and  in  some  parts  of  this  district  so  much 
combustible  gas  or  yapor  issues  from  the  ground,  that  it  is  used  by  tbe  in- 
habitants for  cooking,  and  by  certain  religious  secl^  for  the  maintenance  of 
a  perpetual  fire.  Naphtha  is  somewhat  used  in  the  aria  in  the  preparation 
of  varnish,  as  a  solvent  for  certain  resins  and  India-rubber,  and  by  the  chemist 
as  a  means  of  preserving  the  metallic  basc^s  of  the  alkalies — potas^um  and 
sodium — from  OKydation. 

634.  Asphaltum — MiKral Pikh,  Bitumen — is  another  natural  product 
.undoubtedly  derived  from  the  decomposition  of  organic  matter.  It  is  a  black 
sohd,  closely  resembling  petroleum,  and  melts  at  about  212°  P,  It  is  found 
abundantly  in  many  localities,  especially  in  the  vicinity  of  the  Dead  Sea  and 
in  the  island  of  Trinidad,  W.  I.,  in  which  latter  place  it  constitutes  a  lake 
three  miles  in  drcumference  and  of  an  unknown  depth  ; — the  pitch  lake  of 
Trinidad. 

685.  Cantenta  of  the  CellB  of  P 1  a  n  t  s  .—The  contents  of  tlio 
cells  of  pknts  comprise  all  the  immediate  products  iihich  phlnts  produce. 

Growing  and  vitaUy  active  cells  are  filled  with  liquid ;  completed  cells  may 
Btill  be  flllod  with  hquid  or  with  air,  or  witli  solid  matter  only.  The  liquid 
contents  of  the  vegetable  tissues,  are  generally  spoken  of  as  sap;  but  this 
term  does  not  specially  refer  to  any  particular  substance.  Sap,  m  the  first 
instance,  is  water  impregnated  with  certain  gaseous  matters  (carbonic  acid, 
ammonia,  etc)  and  a  minute  quantity  of  mineral  salts,  which  are  imbibed  by 
the  roots  of  the  plant  from  tlio  soil,  and  carried  upward  through  the  stem. 
It  is,  therefore,  in  the  first  instance,  inorganic  in  its  nature.  As,  however, 
ft  traverses  the  cells  of  the  plant,  it  mingles  with  tbe  soluble  assimilated 
matters  which  these  contain,  and  beoomea  clianged  in  character,  so  that  un- 
mixed, crude  sap,  is  never  met  with  in  the  plant  On  reachmg  the  leaves. 
It  becomes  IlirLher  transformed,  wider  the  influence  of  liglit,  into  oiganizablo 
nmtter,  or  mto  matter  capable  of  being  assimilated  by  the  cells  and  converted 
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into  OT^nio  produota.  From  the  sap  thua  elaborated,  the  cell  manufiriitiires, 
or  aecretca,  all  the  constitueutB  of  Ihe  plant. 

Of  tho  non-azotized  aubstancea  secreted  by  the  plant  cells,  the  most  abun- 
dant and  widely  distributed  is  hgnme  which  has  been  already  deBcribcd.  In 
addition  to  this,  three  otbcr  subatanocs,  stirLh  sum,  and  sugar,  eloaely  allied 
to  lignine  in  eompoBition,  are  HecretLd  in  greater  or  less  abundance  by  al- 
most all  phinls. 

686.  Starch)  CisHioOio  — This  Bubatance  presents  to  the  naked  eye  the 
appearance  of  a  white  powder,  but  when  viewed  under  a  mierosoope  ia  seen 
to  conraat  of  transparent  oval  or  rounded  graina,  eath  of  which  has  a  dark 
spot  at  one  extremity,  with  fine  eonecntne  rmga  lirawn  round  it  These 
characteriatic  appearances  are  best  seen  in  ttarch  Tram  tlie  potato,  with  a 
magmfying  power  of  f^m  250  to  500  diameters.  (See  Fig  210 )  The  mag- 
Fio.  216.  FlQ.  2n. 


nitudc  of  tlie  slaroli  griuns  Taries  extremely  in  the  diffferent  plants,  and  even 
in  tho  same  ceiL  Thua  in  tho  potato  the  lai^est  grains  measure  from  l-300th 
to  l-500th  of  an  inch  in  their  larger  diameter,  but  in  the  smaUcst  only 
l-4400th  of  an  inch.  In  wheat  flour  the  larger  grains  are  from  l-SOOth  to 
l-900th  of  an  inch  in  diameter.  Tho  shape  of  the  grains  in  the  same  plant 
or  oi^an  ia  very  nearly  uniform,  but  dlBerB  greatly  in  different  plants;  so 

uch  so  tl  at  mixtures  of  varioua  Blarehes  laaff  be  easily  delected  hy  the 
n  croscope 

St  r  h.  wh  le  an  almost  unlverBal  product  of  all  vegetable  cells,  ia  aceumu- 
I  t  'd  more  abundantly  in  some  speeiea  of  plants  than  in  others.  In  the 
con  mon  potato,  each  individual  cell  is  so  cx>mpletely  filled  and  distended 
w  1h  an  accun  utation  of  starch  mingled  with  water,  that  the  wl^ole  root  has 
a  ppeari  ^  of  deformity.  Fig.  217  represents  the  manner  also  in  which 
the  slareh  grjuns  fill  up  tho  cells  of  the  maiKe  (i.  e.,  in  Indian  meal).  Starch 
is  particularly  abuodant  jn  all  cereal  grains,  in  all  seeds,  in  the  pith  and  baric 
of  many  trees,  and  in  many  roota  and  tubers  (as  tlio  potato,  turnip,  carrot 
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The  starch  of  commerco  is  usuaHy  obt^ned  from  potatoes  or  wheat.  Tho 
esBential  features  of  lis  proceaa  of  maniiliicture  consist  ia  bruising  or  grind- 
ing tlie  vegetable  stnieture  to  a  pulp,  and  then  washing  tiio  mass  with  cold 
water  upon  a  sieve.  In  this  operation  tho  torn  cellular  tissue  and  some 
other  conatiluonts  are  retained  upon  the  sieve,  while  the  atareh  granules  pass 
through  ila  intflrstiees  with  the  water.  From  this  liquid  tho  stareh  separates, 
on  Btandiog,  as  a  fine  white  powder. 

Starch  ia  insoluble  in  water,  as  its  mode  of  preparation  necessarily  implies. 
"When,  however,  a  mixture  of  starch  and  water  is  heated  to  near  ite  boiling 
pointj  llie  granules  swell,  bursty  and  allow  their  contents  to  become  mingled 
with  the  wafer,  producing  tlioreby  a  nearly  transparent,  glutmoos  mass, 
in  which  tho  minute  ehrods  of  membraneous  matter,  comprising  the  cell- walls, 
float.  Tho  rounded  and  swollen  appearance  which  potatoes,  peas,  rice,  and 
most  otlier  vegetables  assume  when  boiled,  is  dne  to  a  disteosion  of  tlieb 
Btarch  granules  through  an  absorption  of  water  at  the  boilhig  temperature. 

The  chemical  test  of  starch  ia  iodine,  which  Jbnns  with  it  a  beautiful  bluo 
compound,  insoluble  in  water.  This  reaction  may  be  strikiogiy  illustrated 
by  addii^  to  a  tumbler  of  pure  water  a  smgle  drop  of  gelatinous  starch,  and 
then  stirring  the  miiture  with  a  glass  rod  moislened  with  an  alcoholic  solu- 
tion of  iodine. 

Tlie  chemical  compo^tion  of  starch  is  exactly  the  same  as  that  of  cellulose, 
and  it  appears  to  be  especially  llie  ready  prepared  material  of  vegetable  Eibric, 
which  tlie  plant  accumulates  in  cells  as  a  provision  for  future  growth. 

The  substances  known  as  sa^o,  U^ioca,  and  arrom-root,  are  only  varieties 
ofBtaroh;  the  former  being  obtained  from  the  pilh  of  various  species  of  the 
palm,  and  the  two  latter  from  the  roots  of  certain  trojacal  phints. 

687.  Dextrine.  —  When  tliick  gelatinous  slarch  is  boiled  for  a  fow 
minutes  witli  a  small  quantity  o{  dilute  acid,  as  sulphuric  acid,  for  example^ 
it  speedily  loses  ila  visddity,  and  becomes  changed  into  a  fluid  aa  thin  and 
limpid  aa  water.  If  the  aiid  be  now  withdrawn,  by  saturation  with  chalk 
(wliich  combines  with  it  fo  form  insoluble  sulphate  of  lime),  and  the  Hquid 
be  gently  evaporated  to  dryness,  it  furnishes  a  substance  resembling  gum, 
which  is  termed  deifrine.*  Tills  new  body  is  freely  soluble  in  cold  water, 
and  has  exactly  the  same  composition  as  gelatinous  starch,  but  ia  not  colored 
by  iodine. 

If)  instead  of  interrupting  tho  action  of  the  acid  upon  tho  starch  as  soon 
as  the  mixture  has  become  clear  and  thin,  we  continue  the  ebullition  for  sev- 
eral hours,  adding  Irom  time  fo  time  small  quantities  of  water  to  supply  the 

■  Deitrina,  Bo  caUod  from  the  cfrcumgtinto  that  when  it  beam  of  polarlied  UgM  ia 
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place  of  that  lost  by  evaporation,  and  finally,  neatraliziiig  the  acid  by  chalk, 
filter  and  boil  down  the  clear  Holution  to  a  sinaU  bulk,  wo  obtain  a  syrupy 
liquid,  which  on  standing  Tor  a  few  days,  entirely  solidifies  to  a  mass  of 
grape-sugar,  exceeding  in  weight  the  starch  from  which  it  was  produced. 

How  thia  transformation  of  starch  into  dextrine,  and  deitrino  into  sugar, 
13  effected  is  not  fully  understood.  The  acid  employed  undergoes  neither 
change  nor  diminution,  and  if  not  volatile  may  be  rocovcrod,  without  loss,  after 
the  conclusion  of  tbe  experiment;  nothii^,  moreoyer,  is  withdrawn  from  tlio 
air,  and  no  other  substances  but  dextrine  and  grape-sugar  are  generated. 
Chemists,  therefore,  have  very  generally  adopted  the  conclusion  that  the  add 
occasions  Ihe  transformarion  and  change  in  question  by  its  mere  presence, 
and  the  pbenomeiion  is  cited  as  an  example  of  catalysis.  (§  2G5,  p.  161.) 
Spongy  platinum,  as  has  been  already  pointed  out  (g  296),  apparently  acta 
in  a  similar  manner,  and  is  capable  of  exciting  chemical  activity  in  contiguous 
substances  without  being  itself  affected.  In  the  case  of  the  dextrine,  as  its  chem- 
ical composition  is  precisely  the  snme  as  tliat  of  starch,  the  difference  in  prop- 
erties is  referred  to  a  change  in  tlie  arrangement  of  its  constituent  atoms  of 
carbon,  hydrogen,  taid  oxygen.  In  the  oonveraon  of  the  dextrine  into  sugar, 
the  change  seems  to  be  etfected  hy  a  fixation  or  incorporation  into  the  Ibr- 
mer  substance  of  an  additional  quantity  of  the  elements  of  water,  hydri^n 
and  oxygen— as  the  sugar  thus  produced  sensibly  exceeds  in  weight  the 
etfUBh  employed. 

688.  D  ias  tas  e.— There  are,  however,  several  other  methods  by  which 
these  same  changes  in  starch  may  be  effected,  in  addition  to  the  one  noticed. 
Thus,  all  seeds  in  the  act  of  germinating,  and  alt  buds  in  developir^,  pro- 
duce from  the  nitr<^n  compounds  which  tiiey  contain  a  very  peculiar  sab- 
stance  called  dmslose.  Tliis  body,  wbicli  the  chemist  has  never  yet  been 
able  to  fully  isolal«,  possesses  the  same  power  as  the  dilute  acid  of  converting 
a  lal^e  quantity  of  starch,  first  into  dextrine  and  thou  into  sugar.  Its  ac- 
tion, however,  takes  place  at  a  much  lower  tempcraturo  than  tliat  of  ebul- 
Ution. 

This  fact  may  be  experimentally  sliown  by  mixing  a  little  infusion  of  malt 
(germinated  barley)  with  a  con^derable  quantity  of  thick  starch  paste,  and 
subjecting  tlie  whole  to  a  gentle  heat  not  exceeding  160°  F.  In  a  few  min- 
utes the  mixture,  from  the  production  of  dextrine,  becomes  thin  like  water, 
and  if  the  tempcraturo  be  kept  up  during  three  or  four  hours,  the  liquid  will 
-be  Ibund  to  have  acquired  a  sweet  taste,  and  to  be  rich  in  sugar.  The  quan- 
ti^  of  dextrine  necessai^  to  effect  tliis  change  is  very  small — one  part  in  two 
thousand  parts  of  starch  being  sufficient  to  entirely  convert  flic  latter  into 
sugar.  A  boiling  heat  coagulates  the  diastase,  and  by  rendering  it  Insoluble 
destroys  its  power. 

Tlie  well-known  sweet  taste  which  fruits  and  vegetables  acquire  by  fi'eea- 
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ing  and  thawing,  is  dno  lo  the  liict  tliat  tlio  starch  wliioli  tliey  contaia  is 
converttid,  in  part,  by  tlio  action  of  the  frostj  into  sugar, 

689.  Dextrine  is  used  eitensivoly  in  the  arta  aa  a  Bubatituta  ibr  gum ;  t.  a, 
for  the  atiffeiiitig  and  glazing  of  muslms,  in  calico-printing,  and  in  the  printing 
of  wall-papcra.  It  ia  manufactured  for  industrial  purpoaea  by  simply  roaatiiig 
dry  potato-stareh,  or  Bubjecting  it  to  a  heat  of  about  400°  F.  By  this  treat- 
ment the  starch  acquires  a  yellowiah  tint  and  is  rendered  soluble  in  water. 
Dextrine  occurs  in  corameroo  under  tlio  name  of  "  British  gum.''' 

690.  (ium. — In  addition  to  dextrine,  which  ia  found  in  greater  or  lesa 
quantity  in  tbo  juices  of  every  plan!,  the  term  gum  is  gcneraUy  applied  to 
designate  certwn  regetable  Eubstancea  which  poaaesa  the  same  elementary 
oorapo^tion  as  starch,  and  which  are  soluble  in  water,  but  not  in  alooboL 
In  Borne  planta  they  exist  so  abundantly,  that  they  eiade  from  the  bark  aa 
viaoid  liquids,  which  Eubscquently  harden  into  transparent,  globular  masaca. 
Familiar  illuatratioos  of  this  may  be  noticed  on  peath  and  cheny  trees.  The 
term  resin  is  rightly  applied  to  those  hardened  vegetable  juices  only  which 
do  not  soften  or  disfolvo  in  water,  but  are  soluble  in  alcohol. 

The  moat  important  gums  of  commerce  are  gum  arabio,  gum  Senegal,  and 
gum  tragaeanUi. 

Cum  arable  is  the  product  of  a  species  of  acana  whiih  growa  abundantly 
in  Africa  and  Arabia ;  gum  eenegal,  the  product  of  a  similar  tree,  derives 
ira  name  from  Senegal,  in  Alrioa,  the  district  tVom  which  it  was  originally 
exported.  Both  of  theao  gums  are  freely  aoiuble  in  water,  and  form  with  it 
a  mucil^B  much  used  for  paste ;  the  mucihigo  yielded  by  gum  Senegal  Ijeing 
somewhat  tiiickcr  than  that  formed  by  gum  arable.  The  puro  gummy  sub- 
stance contained  in  tbem  may  bo  precipitated  from  its  solution  in  waler  by 
alcohol,  and  is  termed  arahiiie. 

Gum  tragacantii  is  the  product  of  a  shrub  found  extensively  !n  Asia  Uinor 
and  P^ia,  and  !scon]poscd  mainly  of  a  Bubstance  termed  hasorirte.  It  swells 
very  much  in  water,  and  forms  a  thick  adiicsive  paste,  but  can  hardly  bo  said 
to  dissolve  in  it.     It  is,  however,  soluble  in  caustic  alkalies. 

Gum  is  an  essential  conatitnent  of  the  cereals,  and  of  moat  seeds,  and  Is 
abundant  in  many  vegetables.  Wheat  flour  contains  about  3  per  cent.;  rye 
Hour,  11;  Indian  com,  2-2;  peas,  63;  kidney  beans,  19;  potatoes,  3'3i 
cabb^  2-8, 

691.  M  u  c  i  1  a  g  0  i — Many  seeds,  as  tlax  seed,  and  miny  roots,  barks,  and 
leaves  of  plants,  aa  slippeiy-elra  bark,  marsh  mallow  etc  jitld,  when  di 
geated  with  water,  gummy  and  stringy  liquids.  To  au(h  produita  the  gen 
oral  name  of  vegetable  mucil^^e  baa  been  applied,  and  their  chLmical  com 
position  is  believed  to  he  the  same  as  that  of  starch  and  gum 

692.  Pec  tine,  or  pectic  acid,  is  a  gelatinous  subotance  found  m  the 

end  properttes;    WIul  ts  said  of  the  general  occumauw  of  Bum  as  b  VEgetalilB  piodnclC 
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juices  of  all  rips  fleshy  fruits,  and  allied  in  composition  to  Gtarcli,  eunii  and 
mucilage.  It  is  tho  agent  which  communicatea  to  tho  juicea  of  fruits  tho 
property,  when  boiled  (especially  in  connection  with  sugar)  and  cooled,  of 
hardening  into  j  lly,  and  ia  hence  soraotimea  calied  "  vegotable  jelly." 

693.  Sugar . — The  term  sugar  is  ordinarily  used  to  des^nato  the  sweet, 
principle  of  plants.  The  obeinist,  however,  at  the  present  day  applies  it  to  a 
lal^  number  of  bodies,  which  di  Jer  greatly  from  one  another  m  their  prop- 
erties. Thus  wo  have  sugars  which  are  derived  Ihira  both  vegetable  and 
animal  or^nisms — sugars  which  are  awoet,  sugars  which  are  slightly  sweet, 
and  some  which  are  deatituts  of  sweetness ;  some  sugars,  also,  are  capable 
of  fermentation,  others  do  nut  undergo  this  change;  some  are  fluid,  but  most 
aro  sohd.  All  sugars,  however,  afiree,  with  perhaps  a  ^ngle  exception,  in  ono 
respect — Ihey  consist  of  carbon,  hydrogen,  and  osygen,  with  the  tji'o  latttr 
elements  united  to  the  former  in  exactly  tho  proportions  which  forni  water. 

Sugar  exists  in  greater  or  less  abundance  in  ail  plants,  and  it  is  irom  thia 
Eourco  only  that  we  obtain  our  supplies.  It  abounds  most  m  tlie  growing 
parts,  in  the  alems  just  before  flowering,  as  those  of  tho  augar-cane,  maiEC, 
maple,  etc ,  in  pulpy  fruits,  and  in  seeds  when  they  gerniinato.  Like  starch, 
it  appears  to  be  a  material  especially  intended  to  subserve  the  growth  and 
nourishment  of  the  plant ;  but  unlike  it,  it  cxiata  in  the  plant  only  in  soluliou. 

All  the  numerous  varieties  of  augarmay  be  conveniently  arranged  in  four 
classes,  viz.,  the  cane  si:4,'ars,  tho  grape  sugaJS,  tlio  manna  sugars,  snil  Uie 
sugar  of  milk. 

C94.  Cane  Sugar,  fijHnO,! — Tl  is  v-iriety  of  sugar  includes  the  Bugor 
ofthoaogar-cane,  beet  sugar,  palm  or  date  sugar  miplesigar  and  tho  sugar 
of  tho  maize  and  of  the  fully  ripe  sorghum.  It  is  also  found  in  many  of  our 
common  meadow  grasses,  and  in  the  juices  of  mekn's  carrots,  and  turnips. 
Pknts  which  have  but  little  acid  in  their  sap  contain  for  the  most  part  cane 
si^r ;  the  chemical  reason  of  this  ia  that  cane  sug^r  by  tl  e  acUon  of  add 
Eubstanoes,  ia  gradaally  converted  into  grape  sugar  ncn  m  the  interior  of 
the  growing  plant. 

About  eleven  twelfUis  of  all  tho  sugar  eiitractod  for  u-*  la  obla,ined  from 
flie  sugar-cane,  and  the  yearly  production  from  tl  is  source  over  the  whole 
globe,  has  been  estimated  at  4,600,U00  000  Iba  Of  tins  enrrmous  quantity, 
ilie  popukition  of  Great  Britain  are  certainly  known  to  consume  at  least  two 
elevenths.  The  method  of  manufacturing  sugar  from  the  cane  (and  also  from 
the  beet)  is  essentially  aa  follows :  tlie  juice  extracted  from  the  vegetable 
structure  by  pressure,  is  mised  with  a  small  quantity  of  hydrate  of  lime 
(slacked  lime),  and  rapidly  heated  to  near  the  boiling  point.  The  action  of 
tlio  lime  is  twofold ;  it  removes  or  neutralizes  the  acid  whicli  rapidly  forms  in 
tbe  freah  juice,  and  at  the  same  time  unites  with  and  precipitates  tho  glutia- 

QuEBTiOKS.—  WTiat  iB  ita  mort  notlcailile  properly  (  Wlinl  1'  the  ordinaJT  B^lBcalion 
of  the  term  anrarf    Is  the  (arm  reelrictea  in  s  chemicil  atmae  to  any  pirtlcular  sub- 
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oua  matters  cont^ned  in  tlio  Juico.  Tlie  removal  of  theae  latter  si 
an  osseatiiil  part  oftbe  pn>cc»^  as  a  sliort  exposure  to  the  atmosphere  occa- 
sions their  fermentation,  which  in  turn  converts  tho  sweet  juieo  into  a  sour 
and  Bpiriluous  liquid,  totally  unfit  for  the  manufattiire  of  sugar.  The  juice, 
after  clarification,  ia  rapidly  evaporated  in  open  pans  to  a  tliitk  eyrup,  and 
tlien  run  into  wooden  vessels  to  txxA  and  ciystallizo,  and  finally,  when  crjs- 
taUiaed,  is  allowed  to  drain  in  perforated  caska.  The  product  remaining  after 
drainage,  is  the  common  raw  or  brawn  sugar,  while  tlie  drainings  constitute 
rnalaaaea. 

69B.  MolaflROS  ia  unerystallizablo  Eu^ar.  It  docs  not  pre-exist  in  the 
Juiee  of  tho  cano,  but  is  produced  at  tlie  expense  of  the  crystallizable  sugar, 
mahily  by  the  high  lomperature  used  in  the  concentration  of  the  sacehar- 
ioe  solution,  la  improved  proeesises  for  tho  manufacture  of  raw  sugar,  and 
always  in  the  refining  of  sugars,  the  boiling  of  the  syrups  is  conducted  in 
what  are  called  "  vacuum  pans,"  which  are  large  metallic  boilers  so  con- 
etnicted  that  they  can  be  eshansted  of  air.  The  boiling  point  of  the  syrup, 
owing  to  the  absence  of  atmospheric  pressure,  is  thus  reduced  to  about 
1500  p.^  and  tho  formation  of  molasses  almost  entirely  prevented. 

The  process  of  manufacturing  raw  Bi^;ar,  although  apparently  most  simple, 
ia  attended  with  many  difficulties  in  practice ;  so  much  so,  that  of  the  18  per 
cent,  of  sugar  contained  in  Uie  cane  juice  of  the  West  India  Islands,  not 
more  than  6  per  coni,  or  one  third  of  the  whole,  ia  usually  sent  to  market  in 
the  state  of  crystallizable  sugar. 

696.  The  Refining  of  8  u  g  a  r  is  not  generally  carried  on  in  connec- 
tion with  manufiioturo  of  tho  crude  product.  It  is  effected  by  dissolving  the 
brown  sugars  in  water,  adding  albumen  (whites  of  eggs,  or  bullocks'  blood), 
and  Bomeljmes  a  littlo  lime-water,  and  heating  the  whole  to  the  boiling  point 
The  albumen,  under  the  inHueiLco  of  heat,  copulates,  and  forms  a  kind  of  net- 
work of  fibers,  which  inclose  and  separate  from  the  liquid  all  the  mechanically 
suspended  impurities.  The  sohition  is  then  decolorized  by  filtering  through 
animal  charcoal,  concentrated  by  evaporation  in  vacuum  pans,  and  allowed  lo 
crystalline  in  conical  iron  molds.  The  molasses,  or  drainings  which  escape 
from  refined  sugar,  by  means  of  orifices  opened  in  the  bottom  of  these  molds, 
is  sold  under  the  name  of  Sugar-house  Syrup,  Stuart's  Syrup,  etc.  The  time 
required  for  the  perfect  crystallization  and  separation  of  the  white  sugar  in  tho 
molds  is  from  18  to  20  days,  during  ■v^^lich  period  the  syrup  is  frequently 
stirred  in  order  to  prevent  the  formation  of  crystals  of  a 
Fia.  213.        J^rse  size. 

697.  Sugar  C  a  n  d  s  .—When  a  strong  solution  of  re- 
ia  allowed  to  evaporate  slowly  and  uninterrupt> 
edly,  tho  sugar  separates  in  the  form  of  largo,  transparent, 
colorless  crystals,  having  the  form  of  an  oblique,  six-sided 
prisms.  See  Fig.  218.  In  this  state  it  is  known  as 
"Sugar,"  or  "Rook  Candy." 
St  is  moliisieB !    EowiBiiraTmsdr    How  is  si^u  refined  F    Wlutis 
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In  many  parts  of  Europe,  espcdally  in  Fratici3,  Eagar  is  exlensiTely  manu- 
faotvired  from  the  beet  root,  the  juice  of  wtiioh  eontans  about  8  per  cont.  of 
axne  sagor.  At  tlia  present  time,  about  360  millions  of  pounds  of  sugar  are 
aQDUaUy  obtained  from  thia  source  on  flio  cant:ncnt  of  l^arope,  or  about  7  per 
cont.  of  all  the  sugar  coaaumed  in  the  world. 

The  amonot  of  sugar  annually  extraqfcd  from  the  date  palm  (priacipally  in 
India  and  the  South  Padfic),  is  eatlmatsd  at  220  millions  of  pounds ;  whilo 
the  quantity  annually  obtained  frojn  llie  sugar  maple  of  Korlli  America  is 
about  45  million  pounds. 

698.  When  liane  sugar  ia  heated  to  about  400°  F.,  it  ^ves  up  two  eqoiva- 
lenla  of  hydrogen  and  oxygen  (water),  and  ia  converced  mto  a  dark-brown 
BQbstauo?,  ttrmid  carameL  Tliis  lody  !b  Ireely  soluble  in  alcohol  and  water, 
and  is  extoasively  ua^d  for  tlie  coloration  of  spirits — the  color  of  all  dark 
brandies  bdug  duo  to  it. 

699.  Grape  Sugar.— Glucose;  Sagar  of  Fruits,  CiiHi40i4.— Thia  var- 
iety of  sugar  includes  the  sugar  of  grapes,  of  ripe  fruits,  of  iioney,  and  of  seeds ; 
together  with  the  sugars  artifieially  produced  from  starch  and  woody  fiber. 
It  ia  more  generally  diffused  in  nature  than  eano  sugar,  and  is  the  product  of 
most  plants  wiiich  contain  ainds  or  sour  juices. 

The  white  coating  upon  dried  grapL^s  (raisins),  figs,  elc ;  and  the  white, 
brittle  granules  found  in  tlie  interior  of  these  fi-uilB,  is  grape  sugar; — hence 
the  origin  of  the  name. 

Grape  sugar  may  be  abundantly  obtained  from  the  juioe  of  ripe  grapes  and 
pure  honey,  by  wasliing  wilh  cold  alcobol,  wiiich  dissolves  the  fluid  syrup. 
It  may  also  be  prepared  by  treating  starch  with  sulphurio  add  in  the  manner 
already  described  ■  sugar  irom  this  source  has  iweived  the  distinctive  name 
of  gbicose,  and  is  very  lately  employed  in  Europe  for  ordmary  aweetening 
purposes,  for  confectionary,  for  adulterating  cane  sugar,  and  for  the  manu&e- 
ture  of  spirituous  liquors  by  fermenting  and  dktIUing.  In  the  United  States, 
the  low  price  of  cane  sugar  renders  its  manufacture  unprofltable. 

In  addition  to  starcli,  woody  fiber  of  all  kinds,  paper,  cotton,  fiax,  cotton  and 
linen  rags,  and  even  saw-dust,  may  be  converted  into  grape  sugar  by  heating 
in  connection  with  dilute  sulphuric«cid.  The  operation  is  somewhat  slower 
than  when  starch  alone  is  employed,  which  is  partially  explained  by  the  fact, 
that  the  acid  first  diangos  the  woody  fiber  into  starch,  aud  then  the  slarch 
into  dextrine  and  sugar. 

Almost  all  the  acids,  even  when  very  dilute,  convert  cane  sugar  into  grape 

Grape  sugar  is  sometimes  produced  in  the  animal  system,  and  its  appear- 
ance in  tie  urine  in  great  quantities  is  a  characteristic  feature  of  a  very  tataV 
disease  termed  diaheies. 
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TOO.  Essential  Hi  fferencc  h  of  Csdh  and  Orape  Sugars. 
—Cane  sugara  are  popular!?  dUtLnj,iiis!i3d  frsm  oveTy  other  variety  of  sugars 
by  their  greater  sweetness  or  aweelening  power ;  tiu^e  parts  being  equivalent 
in  tbia  respect  to  five  of  gr.ipe  sugar.  Cane  sugar  dissolvea  more  readily  in 
water  than  grapo  sugar;  one  pound  of  cold  water  dissolving  three  pounds  of 
t!ie  Iblmer  aiid  but  one  of  tlio  latter.  Cane  sugar,  when  pure,  reniajns  dry 
anil  uneliangcd  in  tlio  rar,  crystallises  readily,  and  wlien  acted  upon  by  sqI- 
plinric  acid,  is  blaiAeneii ;  grape  sugar,  on  the  contnuy,  absorbs  moisture 
from  the  atmosphere,  and  b^Kumes  damp ;  is  not  ea^y  crytitallized,  and  when 
digostod  in  sulphuric  aciil,  disaolvea  freely  without  blackcnit^ 

Aa  respecta  chemical  compoaution,  cane  sugar  differa  from  starch  and  woody 
fiher  in  simply  containiiig  an  additional  equivalent  of  the  elements  of  water — ' 
the  ibrmula  of  the  latter  being  C|]Hi«Oio,  while  that  of  cane  sugar  is  CjjHnOji- 
Grape  sugar  contains  relatively  loss  carbon  tlian  eitbac  Efeicoh  or  cane  sugar, 
its  formula  being  CisHi40n. 

Orape  sugar  may  be  prepared  artifidally  from  various  substances,  but  cane 
sugar  can  not  be  so  obtained. 

Tlieae  two  varieties  of  sugar  may  be  easily  distinguished  from  each  other 
by  their  reactions  with  oxjd  of  copper;  thus,  if  we  add  to  separate  si>lution3 
of  cane  and  grape  sugars  a  few  drops  of  sulphate  of  copper  (blue  vitriol),  and 
afterward  caustic  potash  in  excess,  we  obtain  deep-blue  liquids,  which  ei:. 
hibit  very  different  characters  when  heated;  the  solution  of  cane  sugar  re- 
tains ita  blue  color,  while  that  of  grape  sugar  throws  down  a  copious  reddish 
precipitate  of  suboxyd  of  copper. 

Similar  often  acts  the  part  of  an  acid,  and  is  capable  of  oniting  with  bases — 
potash,  bajyta,  lime,  etc  — to  form  salts  called  naccharales.  Most  of  the  sugars, 
when  left  in  contact  with  certain  nitrogenized  substances,  called  yeasts  or  fer- 
ments, become  decomposed,  and  pai^  into  alcohol  and  carbonic  aciil..  Grape 
sugar  is  especially  susceptible  of  this  chango;  and  cane  si^ar,  before  it  under- 
goes formentaition,  always  passes  into  grape  si^;ar. 

701.  iU  a  D  n  a  Sugars,  C»  Hi  Oj ,  are  distinguished  from  other  sugars  in 
three  parljculars:  they  do  not  contain  hydrogen  and  oxj^n  unitBd  to  carbon 
in  the  proportions  which  fbrm  water ;  they  are  inferior  in  sweetness  to  other 
sugars ;  and  they  do  not  ferment  under  the  influence  of  yeast.  Manna  sugars 
are  somewhat  extensively  distributed  in  the  vegetable  organization,  and  exist 
most  abundantly  in  tmtnna,  which  is  a  dried  juice  of  cert^n  spei^es  of  ash- 
trees  growing  in  southern  Europe.  They  are  also  found  in  the  juices  of  the 
onion,  aspari^ua,  celery,  mushrooma,  and  in  several  sea-weeds;  and  may  be 
artificially  prepared  Hum  ordinary  sugar  by  a  peculiar  kind  of  fbrmentation. 

702.  Sugar  of  Milk.— iocK7«,CMHMOM.— Thispeculiarsubatanceis 
the  sweet  prinoipio  of  milk.     When  the  curd  is  separated  in  the  making  of 

QnEBTIDNB.— What  are  the  essential  differeneeB  ot  cine  and  gra 
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cheese,  the  sugar  rem^uns  in  the  whoy,  aud  may  be  obtained,  in  the  fonn  of 
white  prlsmaiic  eT7StalB,  by  evaporaiing  tbe  whey  W  a  email  bulk,  and  allow- 
ing it  to  cool.  It  ia  min:li  less  soluble  and  kaa  aiveet  tlian  cane  si^ar,  and  in 
a  aoliii  stale  L-cla  gritty  between  the  teeth.  It  ia  principally  jnanulactured  in 
Smittorland,  and  is  used  extensively  in  horateopathio  medicino,  as  envelope 
for  remedial  subataocea  It  hua  hitherto  been  detected  in  only  one  vegetable 
production— the  ncorn. 

7  03.  The  conversion  of  starch  into  gammy  matter  and  augar,  and  that  of 
the  latter  into  starch,  ia  a  very  common  result  in  Ihe  vegetable  kingdom. 
Unripe  fruit,  aa  apples,  pears,  etc.,  contain  an  abundance  of  starch  ;  this  may 
be  proved  by  applying  the  tincture  of  iodine  to  a  (reahly-eut  surface.  When 
the  fruit  ia  completely  riponod,  this  reaction  can  not,  howevef,  be  obtained  j 
the  starch,  therefore,  has  disappeared,  and  haa  been  replaced  by  augar,  as  is 
made  evident  by  the  sweet  taste  wliieh  the  fruila  have  acquired.* 

SECTION     II. 


704,  Assoraated  with  the  non-aKotizcd  aubstnnces  in  all  planls,  is  another 
class  of  compounds,  equally  important,  but  much  lesa  abundant,  than  the  fbr- 
mer.  These  are  tlie  nitn^enined  or  albuminous  eompoanda,  the  principal  of 
which  are  known  as  Albumen,  Caseine,  and  Gluten. 

705.  Albumen  is  widely  dissemiuated  tlirougii  vegetable  slructures,  and 
also  cs:iats  abundantly  in  the  animal  economy ;  the  white  of  eggs,  and  (he 
serum,  or  thin,  transparent  part  of  the  blood,  being  essentially  composed  of 
albumen  dissolved  in  water. 

Albumen  dissolves  (ceely  in  cold  water,  and  forma  a  tast<Jea9,  glairy,  trana- 
parent  fluid;  if  heated,  however,  to  about  IbS"  F.,  it  coagulates,  or  becomes 
insoluble  in  either  hot  or  cold  water.  This  cliange  may  be  especially  noticed 
in  the  cooking  of  egga.  AIcoliol.  creasoto,  corrosive  sublimate,  and  many 
other  substances,  are  also  capable  of  tranaforming  albumen  from  a  soluble  into 
an  insoluble  condition. 

*  ■'ABiiuIlarmetamorphugl^liala)  noticed  in  the  poUto.  The  qnantilf  of  bUtcIi  can- 
la  S^tcmber,  14;  In  October,  15:  tn  KxveaiboT,  16 i  la  December,  IT:  In  Janiurr.  IT: 
In  Fcbrtury,  I«:  In  March.  IS:  In  April,  IS:  in  May,  10.  AccoidlnKly,  the  qnanlltyof 
Btaichla  potatoealncreiiaeB  during  Uie>,nIumn.remslnB  EtaUantrr  dnring  tbe  wbiter,  and 
In  the  spring,  after  the  gonqlaBUig  principle  ia  eiciWd,  it  dimlnieheB.  It  is  a  iroll-bDoirn 
fact,  (hat  iTi  germination,  potatoes  bocoms  soft,  mncilaginona,  and  afterward  sireeti  tba 
deierine  formed  from  tJio  starch  rendering  them  roacllaglnnna,  anil  tbe  sugar  formed 

further  in  the  earth :  the  po^tnes  becoming  Boiler  and  more  vatery,  and  vben  the  starcb 
Is  completely  coneumed  In  the  growth  of  the  young  plant,  the  process  of  decay  GtMn-. 
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When  water  containing  a  small  por^on  of  albumon  ia  hoated,  the  albumen 
ia  coagulated,  and  rises  as  a  Bcum  to  the  aurfacej  carrying  with  it  any  small 
particles  of  impurity  mechanically  suspended  in  the  liquid.  It  is  in  this  way 
used  for  clarifying  aolutions  of  sugar  and  other  liquids, 

Albamen  ia  found  in  a  soluble  state  ia  the  sap  of  planta,  in  tlio  Immora  of 
the  eye, -in  the  white  of  e^s,  and  in  the  serum  of  the  blood ;  and  in  an  in- 
soluble state  in  tho  aeeds,  laares,  and  stalks  of  plants,  and  in  tlie  substance  of 
which  the  brain  and  nerves  of  animals  are  composed. 

106.  Caseine  ia  a  aubstance  of  both  vegetable  and  animal  ori^n,  and  ia 
allied  to  albumen  in  its  composition  and  properties.  It  differs  from  it,  how- 
ever, in  tlie  circumstance  that  it  ia  not  coi^latcd  by  heal,  although  it  readily 
eipeiieoces  this  change  under  the  influence  of  adds.  It  is  found  abundantly 
in  the  seeds  of  leguminous  planta ;  peas  and  beans  containing  from  30  to  25 
per  cent,  of  their  weight  of  it.  It  also  exists  in  animal  substances,  especially 
in  tlie  curd  of  milk,  which  is  known  as  animal  easeino,  and  is  the  chief  ingre- 
dient in  chaeae.  Vegetable  caseine,  to  distinguish  it  from  animal  caseine,  is 
often  called  fcs»?)jm^,  but  tho  identity  of  the  two  is  well  illustrated  by  the  (act 
that  the  Chinese  make  a  real  cheese  from  peaa.  Vegetable  caseine  may  bo 
obtained  by  macerating  peaa  or  beana  in  tepid  water  for  several  hours,  and 
straining  through  a  aeive.  The  liquid  which  pasaca  through  contains  easeino 
in  solution,  together  with  some  starcli,  which  separates  by  standing.  From 
the  supernatant  liquor,  which  reaerables  dimmed  milk  in  appearance,  easeino 
may  be  prerapitaled  by  the  addition  of  acetic  acid,  and  when  washed  and 
dried,  forma  a  brilliant,  transparent  maaa. 

107.  0 1 D I  e  n, — If  flour  be  made  into  dough,  and  worked  with  tbo  hand 
upon  a  seive,  or  piece  of  muslin,  under  a  atroam  of  water  (Fig.  319),  its  starch 
gradually  washes  away,  and  there  remains  upon  the  seive  a  white,  soft  sticky 
Bulistance,  which  has  received  the  name  of  gbilen.  This  substanco  esists  in 
all  the  cereal  grains,  and  constitutes  about  10  per  cent,  of  the  weight  of  pure 
flour,  and  from  14  to  15  per  cent,  of  the  weight  of  bran.  It  ia  this  principle 
which  imparts  (o  tiour  its  plastic  and  adhesive  properties. 

The  lean  part  of  the  muaclea  of  all  animals,  termed  fibrme,  resembles  tho 
gluten  of  planta  so  closely  in  composition  and  properties,  that  it  may  bo  re- 
garded as  essentially  the  same  substance,  and  hence  gluten  is  very  often 
called  vegeiaNe  JSirmf. 

708  Chemical  Composition  of  Prote  inc.  — Albumen  and 
glutan  are  compoaod  of  carbon,  hydrogen,  oxygen,  nitrogen,  phosphorus,  and 
sulphur;  caseine  contains  the  same  elements,  in  nearly  the  same  proportions, 
with  the  exception  of  pliosphorus,  which  does  not  enter  hiio  its  composition. 

According  to  the  generally  received  opinion  at  liie  present  day,  all  alburn^ 
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iaou3  matter  (ami  by  this  term 
wo  mBan  to  include  albumen, 
cjscine,  gluten,  and  ull  Eimllar 
Bubstancea,  originating  either  in 
vegetable  or  Hnimal  structures) 
Rre  compounds  of  a  peculiar  and 
diatiuot  principle,  csMed  prokine. 
Tlic  composition  of  this  organio 
radical  is  indicated  by  the  for- 
mula CaslIssNjOio,  or  hj  the 
symbol,  Pr.  Heoce,  albuminous 
substances,  as  a  class,  are  very 
generally  termed  proteitK  com- 
pounds — Che  tbrmula  of  albumen 
being  IOPr-j-P-|-S ;  of  gluten, 
lOPr+P+aS;  and  of  caseino, 
lOPr-i-S.* 

By  dissolving  any  albuniin< 
substance  in  caustic  alkali,  and 
adding  acetic  acid  to  the  solution,  proteine  may  be  precipitated  in  tho  form 
of  a  grayisli-white,  inodorous  aoiid,  isoluble  in  water  and  alcohol,  and  capable 
of  uniting  to  form  compounds  with  many  acids  and  bases. 

109.  Characteristics  of  the  Albuminous  Substances. 
— Al!  the  albuminous  substances,  when  subjected  to  heat,  exhale  an  odor 
Kimilar  to  that  of  burnt  feathers,  and  leave,  as  an  ultimate  residue,  a  black, 
brilliant,  spoi^jy  coal.  When  perfectly  dlied,  they  are  capable  of  indefinile 
preservation ;  but  when  exposed  to  the  joint  influence  of  air  and  moisture, 
they  are  more  susceptible  of  decomposition  than  any  other  class  of  organic 
substances — putre^ng  and  oallii^  into  existence  a  multitude  of  microscopic 
animalcuUe.  The  decomposition  of  the  albumen  contained  in  wood,  espe- 
cially in  what  is  called  the  sap-wood,  is  regarded  as  the  most  active  cause  of 
its  decay.  Hence  those  substances  like  creosote,  corrosive  sublimate  and  the 
like,  which  form  insoluble  compounds  with  albuminous  matter,  existmg  either 
in  animal  or  vegela,blo  tissues,  are  the  most  effeetuaJ  antiseptic  agents;  the 
processes  of  kyanizing  wood,  and  of  smoking  fish  and  meat,  being  fiimiliar  eX' 
amplea  of  their  action.  The  complete  dessication  of  oi^anic  substances,  or  tho 
extraction  of  their  albuminous  constituents  by  steeping  in  water,  or  steam, 
accomplish  tlie  same  result. 
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When  albuminous  BUbBtancea  are  dissolved  in  caustic  alkali,  the  Bulplrar 
which  they  contain  unites  with  t!io  alkali  to  form  a  soluble  sulphurcf,  and 
the  Bolutiou  blackens  paper  moistened  with  sugar  of  lead.  In  thia  way  Uie 
presence  of  sulphur  in  these  compounds  may  be  readily  demonstrated.  When 
an  ^g  is  boiled,  the  sulphur  present  in  its  albumea  unites  with  a  little  tree 
soda,  which  ia  also  a  cooalituent  of  the  e^,  to  form  sulphtiret  of  sodium, 
and  it  is  by  the  decomposition  of  this  compound  that  ttte  blikckcnii^  of  si 
spoons  used  in  contact  with  boiled  eggs  is  oecaaionod. 

710.  Nutritive  Value  of  Vegetable  AlbuminoiiH  C 
slituenls. — As  the  chief  prasimate  coiislituenta  of  animal  structures, 
albumen,  caseinc,  and  fibrino  have  the  same  chemical  composition  aa  tlie  al 
buminoua  snbatanees  produced  in  the  vegetable  kingdom,  the  latkr  are  re 
girded  as  the  spedal  products  provided  by  nature  for  the  nutriment  uni 
support  of  animals ;  or  in  other  words,  they  aro  the  vegetable  principles  ou' 
of  which  animal  Sbers  and  tissues  are  conatruclj^d.  All  experiments  tend  to 
coofinn  this  concluaion,  and  prove  that  the  vnlue  rf  a  vegetable  product  as 
an  article  of  food  is  very  nearly  in  proportion  to  the  quantity  of  albuminous 
or  nitrogenous  compounds  which  it  cuuioins.  This  subject  will  be  further 
discussed  hereafter. 


CHAPTER     XVIII. 

NATURAL   DECOMPOSITION  OF   ORGANIC   COMPOUNDS. 

111.  So  long  as  ot^anie  bodies  are  pervaded  by  what  is  termed  the  vital 
principle,  so  long  do  they  tend  to  niaintilin  their  form  and  properties  essen- 
tially unchanged ;  but  when  deprived  of  this  influence,  Ihey  obey  the  ordi- 
nary laws  of  chemical  attraction  and  reidily  undei^  decomposition,  the  pro- 
ducts of  such  decompo^t  on  b  ng  ma  nly  tl  e  result  of  a  separation  or  falling 
apart  of  the  complex  substances  w  h  ch  char^ctenie  the  living  structure,  and 
a  ra-arrangement  of  the  r  parti  les  n  s  mpler  combinations.  The  nature  of 
these  changes,  which  ary  greatly  w  th  the  con  position  of  the  bodies  con- 
cerned, and  with  the  cond  1  ons  lo  » h  ch  Ihey  are  subjected,  may  be  gener- 
ally considered  under  tl  ree  separate  heads,  v  z  as  decay,  /ermentalion,  and 
pulrefaclion. 

712.  Decay  . — Wl  en  ve^table  t  ssua  (wood,  loaves,  straw,  etc.)  is  ex- 
posed, to  the  action  of  atmosph  r  c  air  and  moisture,  it  absorbs  oxygen  and 
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undergoes  a.  alow  decay,  whieh  has  been  lermcd  by  Llobig  eremaaiiisia  (slow 
combustion).  The  cliangea  wbicli  lake  place  in  this  prucesa  are  very  nearly 
tho  same  as  in  tho  ordinary  cimbuation  of  wood,  eioept  that  they  occur  rnuth 
more  slowly.  In  both  cases  the  constituents  of  tlio  wood,  by  the  addition 
of  oiygen  from  the  air,  are  conyerted  into  carbonic  acid  and  water,  aud  in 
both  cases  idso  tlie  liydrogen  is  oxydizt-d  more  rapidly  than  the  carbon,  as 
is  shown  by  the  darker  color  which  wood  assumes  both  in  combustion  ani 
decay.  Eremacausis  further  agrees  with  ordinary  combustion,  inasmuch  as 
it  can  not  take  place  without  tlie  access  of  air,  and  is  uniforaily  attended  with 
tiie  evolution  of  heat,  and  sometimes  with  l^t — the  total  amount  of  heat 
evolved  being-  uadoiibtedly  the  same  in  both  cases,     (g  469.) 

The  brown  or  black  matter  into  which  vegetable  tissue  ia  converted  by  de- 
cay, has  received  the  general  name  of  humoa,  or  vegetable  mold,  and  is  the 
substanco  whicb  givea  to  fertile  soils  their  rich  black  or  brown  appearance. 
Humua  ia  not,  however,  regarded  as  a  distinct  compound,  but  rather  as  a 
mixture  of  several  brown  subatanoes,  which  represent  various  degreea  of  de- 
eompoBtion  of  the  original  vegetable  matter.  Tliese  substances  have  received 
the  names  of  humine,  olmine,  humic  acid,  olmio  acid,  gcic  acid,  orenic  and 
apocrenio  acids.  The  two  latter  are  soluble  in  water,  and  are  mainly  the 
cause  of  the  deep  yellow  or  brown  colors  which  cliaracterize  the  waters  of 
"bq^  and  swamps.  Tlio  others  are  either  entirely  insoluble,  or  soluble  only 
in  alkaline  aolutioas.  The  relation  which  these  substances  sustain  to  plants 
ia  an  important  one,  and  their  presence  in  certain  quantity  in  eveiy  soil  is 
eaacntial  W  its  fertility.  From  Uio  products  of  their  decomposition — carbonic 
add  and  water — plants  derive,  through  their  roote,  from  the  soil,  their  chief 
supplies  of  nutriment.  They  dso  absorb  aud  retain  ammonia,  another  im- 
portant element  of  vegetable  nutriOon,  and  lo  some  extent  have  undoubt- 
edly the  power  of  produdng  it  from  the  nitrogen  of  the  atmosphere.  Tlie 
humua  consumed  in  vegetation  and  removed  from  the  soil  in  the  substance 
of  the  crop,  may  be  again  restored  to  tho  land  by  plowing  in  straw  and  ani- 
mal manures,  or  green  crops  (clover,  etc.),  or  by  the  alternation  of  plants 
which  leave  abundant  roots  in  the  soil  (fallow  plants),  with  such  as  have  few 
roots  (grains,  etc.). 

Eiemacauais  is  greatly  promoted  by  heat  and  moiaturo,  or  tho  presence  of 
tlie  alkalies ;  it  is,  on  the  contrary,  arrcated  or  retarded  by  cold  and  dryness. 
Wood,  cordage,  ela,  exposed  to  the  cold  of  the  Arctic  regions,  (it  to  the 
dry  atmosphere  of  Egypt  will  remain  alike  for  years  unaltered. 

713.  1'  lit  refaction. — Tiie  decomposition  of  vegetable  tissue  when  an 
is  wholly  or  parl^lly  excluded  from  it,  as,  Ibr  example,  when  buried  in  tl^ 
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ground,  is  esBeiitially  different  from  Ihat  of  oremacausia.  In  tliis  case  tlie 
conalitaent  elementB  rearrange  tlieniselros  miituallj  into  new  produeta,  either 
with  or  without  Iho  cooperation  of  tlie  elomenla  of  water ;  the  oxygen  gi-adu- 
aUy  uniting  with  llie  carbon  to  form  carlxinic  acid,  which  separatca  and  leaves 
as  a  residue  substances  rich  in  carbon  and  hydo^n — hydrocarbona.  It  ia  in  - 
thisway  that  bituminous  coal,  peat,  anil  brown-coal  (lignite)  have  been  formed 
from  vegetable  matter,*  and  iJso  the  natural  gaseous  carburets  of  hydrt^en, 
TJz.,  "  marsh  gas,"  obtfdned  by 
Pi     "0  stirring  the  mud  at  the  bottom 

of  poc Is  (see  Fig  2"0)  ind  fire- 
damp evoh  ed  from  lock  slmta 
m  mmes.  {%  4B2 )  Moist  hsy 
leaves,  manure  elc  when  piled 
tog(  ther  incompact  he^iaundci^ 
similar  changes,  and  are  converted 
rato  black  curbonaceousprodutta. 
Decompotition  of  tins  character 
IS  l«nn  d  putrefection,  an  1  is 
sumen  hat  anali^ns  to  the  change 
wbieh  «  ood  undergoes  when  sub- 
jected to  diy  distillation  or  incom 
plete  combustion  It  differs  from 
IS  (or  dceav)  nasmud  aa  the  latter  can  not  take  place  without 
cess  of  ur  the  oij  gen  of  v.  hich  is  absorbed  by  the  decaying  bodies 
methods  of  decomposition  may  bo\iever  mutually  replace  each 
other  since  all  putnfymg  bodiis  pass  into  the  stale  of  deoaj  when  exposed 
freifly  to  the  air ,  and  all  deoajiug  matters  into  that  of  putn&cti  n  when  air 
is  excluded. 

Kitrogenized  animal  and  vegetable  substances,  on  account  of  tlirar  complex: 
constitution,  undergo  decay  and  putrefaction  mucii  more  readily  than  non- 
impounds,  and  tlio  products  of  their  decomposition  are  eaaentially 
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different.    Tlins  the  oxygen  of  tho  substance  u 


a  carbon  to  form 


•  Pest  la  maitil;  ttaa  jiToduct  at  the  sloir  Asay  of  cort 
Tfalflr.    Every  pent-bog  w«  undoubtedly,  in  tho  first  in 

face  Tegetatloi).    The  quantity  of  vegetable  meld  which 
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carbome  aeid,  wliilo  the  hydrogen  divides  itself  between  the  nitrogen,  the 
sulphur,  and  the  phosphorus,  and  forms  ammonia  with  sulphuretted  and  phos- 
phuretted  hydn^n.  It  is  to  the  presence  of  these  last-named  gaseous  sui(- 
btances  ihat  the  very  offensive  odors  given  oil  during  the  putrefaction  of  aaot- 
ized  bodies  are  to  bo  mainly  ascribed. 

114.  Fermentation, — 'Vlhsa  a  nitrogenous  substance  undergoing 
putrelij:tion  ia  brought  in  contact,  under  favorable  circumstances  of  tempera- 
ture and  moisture,  with  a  complex  organic  body  of  smaC  stability,  it  ia  ca- 
pable of  inducing  in  thia  latter  substance,  by  tho  mere  agency  of  its  preseno«v 
a  state  of  putrefaction  or  decomposition.  In  such  cases  the  substanco  inducti^ 
decomposition  is  termed  a  "ferment,"  and  the  decomposition  induced,  "fer- 
metitatiim."  For  eaample,  a  solution  of  pure  sugar  may  be  preserved  nnal- 
lered  for  any  length  of  time,  but  if  a  minute  quant  ly  of  putrescent  matter 
containing  nitn^n  be  added  to  it,  lemioutaljon  at  once  takes  place,  and  the 
elements  of  tho  sugar  break  up  into  alcohol  and  carlmnn,  acid  "  In  thtt 
same  manner,  the  most  minute  portion  of  milk,  paati  juice  of  beetrroot^  flesh 
or  blood,  in  the  state  of  decern  poation,  causes  Iresh  milk  paste  juice  of  beet- 
root, flesh  or  blood,  to  pass  into  the  same  condition  wheu  brought  in  contact 
with  them." 

Tlie  method  in  which  ibrments  act  is  not  well  understood  since  they  do 
not  enter  into  combination  with  tho  fermenting  substanie  or  with  any  of  its 
elemonta.  Tho  theory,  however,  most  usually  adopted  13,  that  the  molecules 
of  the  ferment,  or  substance  already  undergoing  thinge  are  tipable  of  im- 
parting motion  to  the  molecules  of  otiier  substances  by  contact,  and  that 
tlirougli  the  impulse  thus  received,  the  equilibrium  of  forces  previously  exists 
jng  between  the  molecules  of  the  body  acted  on 


715,  Yeast. — Tho  substance  most  potent  in  exciting  fi 
solutionsof  sugar  is  a  species  of  microscopic  vegetation  whidi  ia  spontaneously 
developed  in  the  organs  of  planta,  and  in  a  large  number  of  nitrogenous  sub- 
stances, when  left  to  putrify.  This  organism,  which  passes  into  a  state  of 
putre&ctive  decomposition  with  great  readiuesa,  is  termed  yeast,  or  fermetU. 
It  is  obtained  in  the  greatest  abundance  when  a  solution  of  sugar  mixed  witli 
albuminous  substances  of  animal  or  vegetable  origin  is  exposed  to  the  air 
at  ordinary  temperatures. 

When  yeast  ia  added  to  a  solution  of  sugar,  it  not  only  excites  fermentation, 
but  if  there  are  albuminous  substances  present,  it  occasions  the  prodncHon 
of  an  immense  additional  quantity  of  yeast.  For  eiample,  if  we  add  to  clear 
firesh  juice  of  ripe  grapes  a  few  particles  of  yeast,  the  liquid  will  in  a  short 
time  grow  thiok  and  give  off  bubbles  of  gas,  or  ferment,  and  in  a  few  hours 
a  layer  of  grayish-yellowyeast  will  collect  upon  its  surface.  In  the  heat  of 
the  fennentation  the  yeast  plants  are  produced  in  immense  numbers,  mil- 
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lions  of  its  minnto  oT^anisma  being  contained  in 
Ihe  apace  of  a  single  cubic  inch.     Fig.  221  repre- 
ss tents  tlie  appearancai  of  the  jeast  globules  under 
^            1 10  mitroBLope,  and  tlio  manner  in  which  thoy 
jT]'  ^^-tb^/YCL      proFPito  by  division.     Ordinary  brewer's  ycuBt 
0~\^^          '-'CP      13  formed  in  this  manner  in  the  Ifermentation  of 
d-Si  ^  cf^         '  'fusions  of  maJt     Artificial  yeaat,  or  leavea,  may 
j^     O  (^                  bn  prtparcd  by  expowQg  a  piece  of  dough  for 
^    O                          Bjme  days  to  a  moderate  temperiiture,  until  it 
O   *^CCQ2os          acquires  a  sour,  or  Tinous  odor.     The  fermenting 
CC?  {?   On             '^"' '"  *'"^  '^^^  '^  ^^^  gluten  of  tlie  dough  in  a 
5_L     "-^             stale  of  incipient  putrefaction.    Teaat  loses  its 
power  of  exciting  fermentation  when  perfectly 
dried  or  heited  to  a  tempcraluro  of  212°  P,  or  if  mixed  with  alcohol,  acids, 
or  alkahes,  and  finally  by  the  completion  of  its  own  decomposition, 

716  Different   Kinds   of  Fer  men  t  al  ion^-Tho  products  of 
fermentation  Tary  under  different  drcumstances.     The  conrersion  of  saeohar- 


)l  and  carbonic  acid  is  termed  vintma,  or  alcoholic  /lt- 
mentaiitm.  For  the  production  of  this  change  a  temperature  of  from  60°  to 
86°  F.  ia  ne<«a8ary.  Under  50'  F  fermentation  doea  not  proceed  All 
vegetable  bodies  contain  some  substances  h  a  t  a.  a  f  rment,  and  thore- 
fbro,  by  the  addition  of  moisture  ind  re'Tl  a  on  of  th  empera  u  e  arious 
kinds  of  grain  containing  stare  and  po  Iru  ts  conta  n  ng  s  g  w  U  un- 
dergo naturally  the  vinous  ferm  nta  on.  Thus  c  d  a  fb  n  ed  from  nppLs, 
and  beer  from  grain. 

A  liquid  which  has  alreadyt  ndergone  the  no  s  o  al  oho  formentatlon, 
is  capable  of  experiencing  an  e  ani^ewh  n  xp  aed  o  e  a  n  con- 
nection with  a  small  quantity  of  decomposing  azotized  matter — its  alcohol 
being  converted  into  acetic  acid  and  the  liquid  into  vinegar.  Tliis  lias  been 
called  tKelous  fermenlatiinl. 

There  are  a  variety  of  substances  which,  when  added  to  fermentable 
liquids,  even  in  very  minute  quantities,  Love  the  power  of  preventing  dc- 
compoailion ;  such  are,  for  example,  the  oil  of  mustard,  sulphurous  arad,  ni- 
trous acid,  ete.  New  cider,  it  is  well  known,  is  kept  sweet  by  llie  addition 
of  mustard-seod,  or  by  burning  sulphur  in  the  barrels  previous  to  filling  with 

When  azotized  matters  are  beginning  to  decompose  they  are  at  drat  not 
able  to  oxcite  the  true  alcoholic  fcrmcntaljon  in  solutions  of  sugar,  hut  it  is 
necessary  for  this  that  their  decomposition  aliould  bo  tolerably  active  and  ad- 
vanced. But  even  in  the  early  sti^  of  their  translbntiation  they  are  ablo  to 
effect  a  very  important  change  in  the  elements  of  si^ar,  and  cause  it  to  un- 
dergo a  peculiar  kind  of  fermentation,  the  result  of  which  is  the  production  of 

yeaal  lose  ils  power?    What  is  viiinns  fermentation  f    What  ars  eiamploBf    Wbul  la 
dtnomporiiig  szoUzed  nutter  capible  of  ladiidng  alsohoUo  fennentation  I    llluacr^iie  tbu. 
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ao  acid  called  lactic  acid,  and  a^viacoua  substaaco  analogous  to  sugar.  Tliia 
fermentation,  which  has  been  lonncd  viscoas,  or  lactic  acid  fermentalvm,  is 
especially  produced  whsn  milk  or  eheeso  curd  is  mixed  with  augar  at  a  tem- 
perature of  SG"  to  04"  F.  If,  however,  the  curd  of  milk  is  in  an  advanced 
Stage  of  decomposition,  it  produces  at  t!ie  tempcmtura  of  about  100°  F.  tlia 
vinous  ferraenlation,  and  the  sugar  ia  converted  info  alcohol  and  carbonic 
acid.  In  tills  way  the  Tartars  prepare  a  spirituou?  liquor  from  mare's  millt, 
called  "  koumiss.'" 

71J,  Lactic  acid  derives  ils  name  from  the  cireumalanoe  tliat  it  is  the  acid 
■which  imparts  Bournoss  to  milk,  and  is  the  immediate  product  of  tlie  decom- 
position of  that  liquid.  Lactic  acid,  when  kept  in  contact  with  caseine  in  the 
first  stage  of  its  decomposition  for  some  time,  at  a  temperature  of  about  95' 
F.,  is  itself  capable  of  experiencing  a  transformation  into  a  sour,  pungent 
smelling  Uquld  termed  balyric  add,  and  the  change  in  question  is  known 
as  butyric  fermetUaiion.  The  conversion  of  starch  into  augar  by  the  nelion 
of  diastase,  ia  also  regarded  as  a  species  of  fermentation,  and  ia  termed 
"saccharine."  Several  other  forms  of  fermentation  in  addition  lo  tliosa  enu- 
merated, are  also  roct^nized,  but  tho  most  important  of  tliem  aU  are  the  al- 
coholic and  acetous. 

718.  Ol^anic  substances  do  not  poaaeaa  tho  power  of  entering  aponta- 
ncouaiy  into  fermentation  and  putrefaction,  but  it  is  necessary  that  aomo 
change  in  the  attracHon  of  their  elements  shonld  previously  take  place.  This 
exciting  cause  is  undoubtedly  the  oxygen  of  the  atmosphere  which  surrounds 
all  bodies,  and  we  accordingly  find  tliat  eremacausis  always  precedes  fermen- 
tation and  putrefaction,  and  that  it  ia  not  until  alter  tlie  absorption  of  a  cer- 
tain quantity  of  oxygen  that  the  signs  of  a  transformation  in  tlio  substances 
show  themselves.  "When  tho  condition  of  intestine  motion  is  once  excited, 
llie  presence  of  oxygen  fur  the  continuance  of  the  action  ia  no  longer  neces- 
sary. Tlie  amallest  particle  of  an  azotizod  sulistance  in  its  act  of  decomposi- 
tiuc,  also  propagates  this  state  of  motion  to  tlie  particles  of  the  substance  in 
conlact  with  il,  and  although  the  air  be  afterward  entirely  escluded,  fermen- 
tation or  putre&ction  wiU  proceed  uninterruptedly  to  its  completion.  Animal 
food  of  every  kind,  and  even  tho  most  delicate  vegetables,  may  be  preserved 
unchanged  for  years,  if  healed  to  tlie  temperaturo  of  boiling  water  in  vessels 
from  which  tho  air  is  completely  excluded.  A  fresh  expoauro  lo  tiio  air  at 
any  period  will,  however,  induce  fermentation*— Liebio. 

*  The  method  of  putting  up  "prewrvel  meats"  Is  eBsentlallf  »s  follows  i  tlio  meat  H 
tint  placed  in  a  tin  oylinder,  uhich  ia  then  filled  with  a  properly  prepared  Koup,  and  a 
ei'vcr,  pkrced  with  s  minute  liole,  la  Boldered  on  air-tight.  The  cylinder  is  mat  de- 
poelted  in  a  bath  of  chloride  of  ealrium  luilutlon  <whioh  does  not  boil  nnder  a  lemperalurB 

is  eiltoled,  and  the  air  in  the  Interior  completely  oipellcd  by  the  evolnlion  of  alciini,  Itie 
minute  oritlco  in  the  cover  ia  auddenly  and  effectually  dosed  with  a  drop  of  solder.    The 
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119.  Poisons,  Contagionn,  Miasms. — "WTienacliemical  agent 
or  substauoe  is  brought  in  contact  witL  matter  endowed  with  lifo  (ap,  lor 
esample,  if  it  is  introduced  into  the  stomach  or  any  other  part  of  the  atiimal 
orgaoization),  it  tttnda  to  enter  into  comliiiiatioa  with  it,  and  effect  decompos- 
ition. This  tendencj'  is  opposed  bj  the  vital  principle,  ajid  the  result  will 
depend  upon  the  strength  of  their  respective  actions.  If  the  chemical  element 
is  forced  to  yield  to  the  superior  power  of  the  vital  acUon,  it  is  digested,  and 
exercises  no  chemical  influence  upon  the  living  organ  ;  when,  however,  it  is 
able  to  effect  a.  change  in  the  operation  of  the  vital  principle,  as  in  cbau^ng  its 
direction,  strength,  or  intensity,  without  desiroyrng  it,  it  is  said  to  act  medi- 
c'.aaUy ;  but  when  it  obtains  an  ascendancy  over  the  vital  force,  and  tends  U> 
do.slroy  it,  it  acts  as  a  pcason.  Food  will  act  as  a  poison,  that  is,  will  pro- 
duce disease,  when  it  is  able  to  exercise  a  chemical  action  by  virtoe  of  its 
qnanlity ;  or  when  eiOier  its  condiljon  or  presence  retards,  preTents,  or  arresfs 
tlie  motion  of  any  oi^an.  A  medicament  administered  in  excessive  quantity 
may  act  as  a  poison,  and  a  poison  in  small  doses,  as  a  medicament  Thus  the 
quantity  of  a  substance  and  its  condition  must^  obviously,  wmplctely  chango 
its  chemical  influence  in  the  system." 

Soma  inorganic  poisons,  such  as  arsenic,  corrosive' sublimate,  etc,  exert  a 
destructive  action  upon  animal  lifa,  by  forming  with  the  component  parts  of 
the  body  compounds  which  are  not  susceptible  of  the  changes  which  it  is  the 
office  of  the  vital  principle  to  produce.  Other  inorganio  poisons,  like  cor- 
rosive acids,  destroy  at  once  the  form  and  structure  of  the  tissues  with  which 
ihoy  are  brought  in  contact.  In  both  cases  the  organs  fiiil  to  fulfill  their 
offices,  and  disease  or  death  ensuea  *'  If  the  quantity  of  poison  is  so  email 
that  only  small  portions  of  the  body,  wiiich  are  capable  of  being  regenerated, 
have  entered  into  combination  with  it,  then  eschars  (scabs)  are  produced, 
and  tlis  compounds  of  the  dead  tissues  with  the  poison  are  thrown  off  by 
the  healthy  puJla."* 
crllndsF  is  then  iXtovd  la  cool,  and  form  s  condonsntion  of  IM  contained  mpor,  both  Ita 

n  test  chBmber,  for  al  leliBt  a  month,  to  a  lamperstuta  above  -hat  It  la  ever  ILkely  to 
enconnteri  from  90' to  111}' F.    If  I  ha  prousa  baa  filled,  putreAictlDa  ukua  pinco,  and 

Lb  tnj  taint  itnat  the  meat  vhen  put  up.  It  Inrsrlsbl;  fermentB.  snd  is  directed  ia  tba 
proving  process. 

ganlc  matters  must  iM  reflated  b/ cb^rmFcal  Java,  death  Till  inevitably  refiult  irlien  the 
ence  oa  tbe  a;&t«m?    Iloir  do  iuorganlo  poisons  geoeifJly  produce  thefr  deatrueUvi 
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With  respect  to  the  action  of  poisons  liko  Pruaslc  acii],  strjelinii,  etc.,  no 
very  satisfactorj  explauation  can  be  g^ven 

la  addition  to  the  poisons  noticed,  tl  ere  la  a  liBS  f  s  bat  noes  gener- 
ated during  eertuin  prooeases  of  deoomp  a  t  n  nh  h  a  t  upo  the  animal 
economy  as  deadly  poisons,  not  by  eutf  nj^  nto  mb  nat  n  w  tli  it^  or  by 
reason  of  their  containing  a  poisonous  pnn  pie,  b  t  sol  Ij  by  v  rtu  of  their 
peculiar  condition  ;"  in  other  words,  tl  so  p  odu  Ls  b  mg  n  stalfl  of  de- 
composition themselves,  act  aa  ftrmonta,  and  1  th  pi  prta  o  tend  to 
exdte  decomposition  or  discasjj  in  the  anim^  sub  t^iu  s  w  th  wh  h  they  aro 
brought  in  contact. 

The  most  strildng  illustration  of  this  principle  is  to  be  foand  in  the  eaao 
of  the  wounds  which  physicians  Bometimes  accidentally  inflict  upon  thoni- 
Bi>lve8  in  the  dissection  of  dead  bodies.  The  knife,  in  such  instances,  intro- 
duces througli  the  wound  a  minute  portion  of  matter  in  the  state  of  decom- 
position or  putrefaction,  which  acta  as  afermetU,  and  causes  the  healthy  blood 
in  contact  with  it  to  paas  into  the  same  decomposed  state  aa  itself;  the  ac- 
tion once  commenced,  extends  with  great  rapidity,  and  very  often  affects  the 
whole  body  and  producea  deatli — injuries  to  the  system  of  this  character  being 
almost  beyond  the  control  of  medical  treatment.  The  virus  of  the  amoJl-pox, 
plague,  etc.,  appear  to  act  in  like  manner,  iuaamuch  as  the  most  careful  ex- 
amination lails  to  e:):1ract  from  them  any  poiaonoiia  principle.  When  brought 
in  contact,  however,  either  directly  or  indirectly,  witli  the  blood,  they  commu- 
nicate to  it  their  own  condition. 

Cont^on  and  miasm,  or  miasmata,  are  generally  included  among  poisona 

We  apply  the  term  contagion  lo  that  suhtilo  matter  which  proceeds  fVom  a 
diseased  person,  or  body,  and  which  communicates  disease  to  another  person 
or  body.  It  is  characterized  by  its  ability  to  reproduce  itself  Miasm,  on  the 
other  hand,  is  the  product  of  the  decay  or  putrefaction  of  animal  or  vegetable 
Eulistoncos,  and  causes  disease  without  being  itself  reproduced. 

The  nature  of  tiie  substances  which  constitute  cont^on  and  miasm  is  not 
well  understood ;  according  to  some  authorities,  they  aro  merely  putrid  mat^ 
tens,  and  according  to  others,  they  are  microscopical  anmials  or  plants,  which 
like  yeast,  readily  undergo  decomposition.* 
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Mildew  is  a  species  of  decom position  oeoa^oncd  by  the  deTeiopment  and 
growth  of  a,  claas  of  microscopie  fungi ;  (a  fiingoa  being  a  cellular,  ilowerlesa 
piaot).  The  dark  spots  observed  upon  awnings,  aails,  etc,  esposed  to  tlio 
weather,  are  familiar  examples  of  lis  action.  The  most  effectual  agent  in  pre- 
venting mildew  ia  chloride  of  ainc 

Many  of  the  poisoQa  which  act  as  ferments,  and  readily  escife  disease  when 
brought  m  contact  with  tlio  blood,  sucli  aa  the  conta^ous  matter  of  small- 
poi,  fevers,  etc,  are  wholly  icoperative  when  introduced  into  the  etomacii. 
The  eiplanation  of  this  ia,  that  tliey  are  alkaline  or  neutral  m  tlieir  properties, 
and  are  therefore  destroyed  or  neutralized  by  tbe  free  add  which  alwaya  ex- 
JBls  in  the  stomach.  Poisons  of  a  similar  character,  however,  which  have 
an  acid  reaction,  appear,  when  placed  under  the  same  drcumatancca,  to 
retain  all  their  frightful  properties.  The  products  of  the  incipient  putrofec- 
tioQ  of  neat  and  Mi  are  particularly  liable  to  ae^  in  tliia  manner.  In  Ger- 
many, especially,  the  eflbcts  of  a  poison  of  this  character,  resulting  from  a 
peculiar  kind  of  putrefkction  occurring  in  saus^es,  and  honoe  termed  the 
"  satis^e  poison,"  liave  been  very  carefully  studied.  The  aymptoma  which 
precede  deatli  in  oaaea  ot  poiaoning  by  putrefied  sausages  are  very  remark- 
ahla  "  Tiiere  is  a  lingering  and  gmdual  waating  of  muscular  fiber,  and  of 
all  the  constituenta  of  the  body  amilarly  composed ;  tlio  patient  becomea 
mucii -emaciated,  dries  to  a  compielc  mummy,  and  finally  dies." 

Tiie  flesh  of  animals  killed  when  overdriven  or  exhausted,  is  also  very 
liable  to  produce  diseases  which,  in  the  rapidity  of  their  action  and  deadly 
eKct,  resemble  cholera ;  the  symptoms,  however,  do  not  generally  manifest 
themselves  until  some  litUo  time  has  ehipsed  after  the  food  has  1  jen  received 
into  the  stomach.  The  origin  of  the  poison  in  the  meat  in  tK  ^  instances 
is  explained  as  foUowa :  all  mental  and  physical  eBbit  is  accompanied  by  and 
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requirPB  an  expenditure  of  healthy  animal  substanec.  The  brain,  for  example, 
is  uudoubtedly  uaed  up  by  thinking,  llie  muscles  by  exercise,  the  nerves  by 
excitation.  In  tlie  healthy  state  of  the  syat^m,  tlie  waste  thus  occasoneil  ia 
at  once  restored,  and  the  produeta  of  deeomposition  are  removed  by  the  or- 
gans of  seeretiOQ,  and  thrown  off  from  tlie  body.  If  tlio  ftmctlons  ol  the 
opt^ns  of  secretion  are  impeded,  the  producls  of  decomposition  accumulate 
in  the  system  and  occasion  disease.  In  the  case  of  overdriven  animals,  the 
products  of  decomposition  consequent  upon  unusual  and  excessive  physical 
exertion,  remain  in  the  body,  because  the  oi^ns  of  secrolion  have  not  had 
sufficient  opportunity  to  dischai^  their  ofBee  liefore  the  animals  are  slai^h- 
tered.  The  meat,  therefore,  is  full  of  substances  in  just  that  state  of  decom- 
j)oaitJon  wliich  enables  them  to  act  most  effectually  as  ferments,  and  their 
presence,  tliereibre,  renders  the  flesh  of  the  most  healthy  animal  unwhole- 
some. It  should  abo  be  mentioned,  that  the  most  severe  cases  of  poisoning 
of  this  ohaiacler  seem  to  occur  when  tlie  putrelkctive  fermentation  in  the 
meat  has  only  just  coramooccd,  and  when  its  presence  is  hardly  discernible 

720.  Every  ibrm  of  disease  is  oceaaoned  by  changes  or  transformations 
which  take  place  in  organs  in  a,  manner  different  from  what  occurs  in  ordi- 
nary healthy  action.  If  these  transformations  are  perfected  in  constHuenta 
of  the  body  which  are  not  essential  to  hfe,  without  other  parts  taking  a  share 
in  tlie  decompoMtion,  the  form  of  the  disease  is  termed  mild  or  beaigjtanl; 
but  when  tiie  changes  affect  the  organs  essential  to  life,  the  disease  is  termed 
matiijnaid. — LlEBlo. 


CHAPTER     XIX. 

ALCOHOL     AND     ITS     DERIVATIVES, 

'121.  The  term  alcohol  is  applied  by  chemists  to  a  series  of  compounds  of 
a  diaaimiiar  hut  aualt^us  composition,  and  similar  propertieo.  Tliey  alt 
consist  of  carbon,  hydn^en,  and  oxygen,  are  all  liquid  at  ordinary  tempera- 
tures, and  are  characterized  by  possessing  a  high  degree  of  volatility  and  a 
pungent  taste  and  smell.  The  most  important  of  the  alcohols  are  wino  alco- 
hol, CjHjO,,  metliylic  alec*ol,  C5H,0s,  and  amylio  alcoliol,  CiuHuOs.  Tho 
term  alcohol,  however,  in  its  ordinary  acceptation,  refers  solely  to  the  5piril> 
uous  principle  resulting  from  the  fermentation  of  SiCCbariQe  bodies. 

Sugar  is  the  only  substance  susceptible  of  vinous  fermentation,  and  the 
only  substance  from  which  alcohol  can  be  denved.      Potatoes,  the  cereal 

Qbebtio™.— Why  ia  it  liable  to  Induce  disesBeV  Wbnt  in  the  occarfon  of  all  aisease  f 
WhoniBdiaeaseMMtobnbemsniintaiidwIienmsUaiiBlll?  Wbat  iB  the  fhemtcsl  alglll- 
ficatlonoflhelerm  Bicoholt    What  is  Ua  ordinary  meaning'    From  whal  subulance* 
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gmina,  nnd  other  vegttablo  products  deficient  in  sugar  Trora  whltli  plcoliol  Is 
o'tainid.  are  rendiTod  avaiiatile  fur  this  purpose  by  flrat  converting  their 
starch  into  sugar.  Tbe  various  Itinda  of  hquors  prepared  by  means  of  fermeii- 
t  t  oD,  may  be  converiieutiy  divided  into  two  classes — the  ieera,  produced  from 
t'io  nutritive  and  starch  coutainiug  grains  aud  roots,  and  the  wiaes  produced 
fioin  tlio  juices  of  fruits  wliicli  cuotain  sugar. 

133.  The  Beora.— Wlien  a  solutioQ  of  grape  sugar  is  dissolved  in 
■water,  imd  a.  little  yeast  added,  fennontatioo  speeilily  ensues,  and  the  sugar 
breaks  up  into  alcohol,  wattr,  and  carbonic  acid ;  of  these  several  bodies,  tho 
tTO  former  remain  [n  the  liquid,  while  the  letter  escapes  as  bubbles  of  gas 
j..to  the  air.*  When  cane  sugar  ia  used  the  results  are  the  same,  tho  yeast, 
however,  in  tlia  first  instance  effocting  H  Iranafiirmation  of  the  cane  sugar  into 
gf  npo  sugar.  For  the  completiou  of  these  changes  it  ia  not  necessary  tbat  air 
should  be  present. 

When  the  cereal  grains,  etc.,  are  tised  tor  the  manufacture  of  alooliol,  the 
first  step,  as  has  been  already  stated,  consists  in  effecting  a  change  of  the 
starch  into  this  st^r.  This  trausformation  may  be  broa^t  about  by  the 
action  of  dilute  aulpboric  acid,  but  in  practical  operations  this  agent  is  rarely 
used,  and  the  change  is  efi"eetjid  through  the  influence  of  diastase  (§  68S). 
In  order  to  arrive  at  a  clear  understanding  of  this  phenomenon,  it  is  neces- 
Bory  to  first  consider  the  condi^ns  under  which  diastase  originates. 
A  seed  or  t,rain  consists  esscatjally,  in  tJie  first  instance,  of  two  substances, 
Fio  22^  starch  ind  gluten,  in  whidi  is  contained  a  little  rudi- 

mentary plantlet,  called  the  germ  or  embryo.  It  is  for 
the  njurisliment  and  support  of  this  emtrvo  befijre  it 
has  attained  sufficient  development  to  be  al  le  to  derive 

onn  sustenance  from  tbe  soil  or  air       j'iq.  2  3 
tliat  tbe  supphes  of  starch-and  gluten  ci: 
uncd  in  the  seed  are  pi-ovided.  Fig.  322 
a  grain  of  Indian  com,  divided  so  as  to  show  the 
bryo  embedded  in  the  starch  and  gluten,  which  make  up  the  ft 
bulk  of  tbe  seed.    Fig.  233  represents,  in  like  manner,  a  sec- 
tion of  an  acorn.    Under  the  joint  influence  of  heat  and  mo  3 
ture,  tho  embryo  of  the  seed  begins  to  sprout,  or  germinate 
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and  puts  furtli  a  tiny  stem  or  axis,  bearing  upon  its  siiTrmit  a      Fia.  324. 
pair  of  small  leaves.     It  liaa  now  only  fo  form  a,  root  by  which 
to  fix  itself  to  the  grouiid,  to  render  it  a,  perfect,  though  dim- 
inutive plant,  capable  of  providing  for  itselE     (Fig.  224  ropre- 
SOnts  a  grain  of  Indian  com  in  the  process  of  germination.) 
Tins  root  is  and  can  only  be  formed  irom  the  starch  and  glu- 
tcD  contained  in  the  seed i    "but  as  both  these  Bubatances  are 
insoluble  in  water,  they  can  not,  in  tlieir  natiiral  state,  pass 
wards  from  the  body  of  tlio  seed  to  supply  llie  wanla  of  the 
growing  germ.    It  has  been  beautifully  provided,  therefore,  that 
both  of  them  should  undergo  chemical  changea  aa  the  sprout- 
i:ig  proceeds,  and  these  changes  take  place  at  the  baso  of  the    ' 
germ,  exactly  where  and  when  they  are  wanted  for  the  forma- 
tion of  the  rooi"    The  gluten  is  accordingly  first  changed  ii 
diastase,  and  this  acting  upon  the  starch  converts  it  wholly 
into  grape  sugar. 

Now  the  brewer,  in  tho  raanulaeture  of  spirituous  liquors 
fiom  grains,  avails  himself  of  tliis  natural  transformaUon  in  order 
to  obtain  tho  sugar,  which  alone  is  susceptible  of  vinous  fer- 
mentation. The  groin  most  iisually  selected  for  transformation 
is  barley,  which  is  first  moistened  in  heaps,  and  spread  upon  tlie  door  of  a 
dork  room  to  heat  and  sprout.  When  the  germination  has  advanced  to  just 
the  extent  s';IEcient  to  convert  tho  greater  part  of  the  starch  into  sugar,  and 
the  gluten  iuW  diastase,  the  action  is  arrested  by  heating  the  gram  in  a  sort 
of  kiln,  wliieh  at  once  destroys  the  vitality  of  the  germ.  The  necessity  of 
thus  violently  arresting  the  progress  of  gennination,  grows  out  of  the  fact  lha( 
tlie  sugar  would  be  wholly  consumed  by  its  continuanoe  and  converted  into 
vegetable  tissue.     Barley  thus  treated  is  termed  malt. 

The  next  step  of  the  process  consists  in  bruising  the  mallj  and  digesting  it 
with  water,  gently  warmed,  in  what  is  called  tho  "  mash-tub."  The  solution 
obtained  contains  sugar  and  diastase,  and  is  termed  wort.  By  standing  a  lit- 
tle time,  tho  diastase  acts  upon  any  starch  yet  remaining  in  the  seed,  and  con- 
verts it  into  sugar ;  and  it  is  also  capable  of  ehan^ng,  in  a  like  manner,  an^ 
nnmalted  gram  or  starch  which  may  be  added  to  tho  wort  at  this  stage  of  tho 
process. 

The  change  of  all  the  starch  into  sogar  being  effected,  the  wort  is  nest 
heated  to  boiling,  which  destroys  any  flirther  action  o!  the  diastase.  At  this 
point,  also,  hops  aro  introduced  into  the  wort,  which,  beadcs  imparting  a  pe- 
culiar bitterness  and  aroma  to  tho  liquid,  help  to  clarify  it.  The  boiled  liquor; 
filtered  and  clarified,  is  next  run  off  into  shallow  vessels,  and  cooled  to  a  lem- 
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X^rature  of  about  60°  F.  Yeaat  is  then  added,  and  fermentation  allowed  lo 
proceed.  "In  a  few  hours  bubbles  of  gaa  will  bo  seou  rising  from  all  parle  of 
the  liquid,  a  ring  of  froth  fortniug  at  Urst  round  its  edge,  and  grailually  in. 
creasing  and  spreading  until  it  meets  in  tbe  center,  or  until  tbe  whole  surface 
becomes  covered  with  a  white,  creamj  loam  of  yeaat.  The  bubbles  of  gaa 
then  rise  and  break:  in  such  uumbera  that  they  emit  a  low,  hissing  sound, 
while  the  yeast  gradually  continues  to  increaae  in  thickncsa,  and  at  last  forms 
a  tough,  visdd  crusl,  whidi  the  brewer  skims  o£f  and  romoves  as  soon  as  ha 
judges  that  the  fermentation  is  complete,  (the  period  of  time  varying  from  sis 
to  eight  days)." 

In  practice,  the  fermentation  is  always  checked  before  the  whole  of  the 
sngaT  is  converted  into  alcohol,  since,  if  perfect  decompoation  were  effected, 
the  beer  would  not  keep,  but  would  aoon  turn  sour  in  the  cask.  The  residue 
of  nndecomposed  sugar  also  imparts  a  sweet,  pleasant  flaror  lo  the  beer. 

The  Uqaor  is  next  drawn  off  into  casks,  where  it  undei^ipes  a  second  fermen- 
tation, far  more  slow  and  protracted,  liowever,  thsn  tiie  first ;  lliia  effects  wbat 
is  called  a  ripening  of  the  beer,  and  is  essential  to  its  presercatioo.  At  the  con- 
clusion of  this  second  Icrmentation,  the  liquors  must  be  kept  tightly  bunged, 
or  corked  up,  since,  as  sooa  aa  the  fermenlatioQ  ceases,  and  ^r  gets  access  to 
the  liquor,  o:iydation  commences,  and  induces  acetous  fermeotation.  The 
sparkle  and  li)am  of  bottled  liquors  is  owing  t^  the  carbonic  acid  gas  which  is 
generated  in  this  second  fermentation,  and  becomes  dissolved  in  tbe  liquors 
under  pressure. 

The  varieties  of  beer  depend  l)oth  upon  the  difference  in  their  material  and 
(he  diflferent  majutgumtnt  in  thtir  product  on  The  diQerence  m  the  colora 
of  ale  and  porter  depends  upon  the  col  r  of  the  malt  mployed  w1  ich,  in 
turn,  is  reguLtt  nj  by  tbe  length  of  time  the  malt  is  subjected  to  tbe  heat  ia 
the  kilns. 

7i3.  Lager  Boer  — Ordnary  beers,  eien  alfcr  the  second  ftrmenta- 
(jon,  contain  a  conaiJerable  quantity  ol  albumiuoifl  or  gl  1  nous  matter, 
wliich  tends  to  derompoae  by  cor  ta  t  with  tl  e  air  and  convert  the  alcohol 
mto  acid  (\  mtgar)  Such  hquors,  therefore  are  n  th  diffi  ulty  preserved  for 
a  great  length  of  time  In  the  preparat  on  of  l^:er  or  Bavarian  beer  the 
wort  is  fermented  verv  slowly  an  1  at  an  ejLtremely  low  temperature  in  large 
open  vessels,  by  which  procedure  the  yeast  produced,  instead  of  naing  at  tbe 
lopoftlie^quor,  falls  to  the  bottom,  and  a  separation  from  the  liquor  of  almost 
every  trace  of  nitr<^emzed  matters  is  at  the  same  time  effected.  The  ffei^ 
RentatioQ  thus  carried  on  Is  rory  oemplctn  and  continues  for  weeks,  or  even 
months ;  the  liquor  produced  being  as  clear  as  diampagne,  and  richly  charged 
with  carbonic  acid.  It  may  also  be  preserved  for  years  without  b 
sour.  Lager  beer  derives  its  name  fkim  the  long  tjme  it  ia  allowed  U 
ilager)  in  vata  or  casks,  in  cool  cellars,  previous  to  consumption. 
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'Hi,  Tlie  iatoxioating  properties  of  malt  liquors  depend  entirely  upon  the 
alcohol  they  contain.  Of  this,  there  is  present  iti  the  stronger  varieties  of 
ales  and  beers  (Engli^  ale,  Albany  ale,  etc.),  from  5J  to  10  per  cent,  by 
weiglit;  in  porter  and  "brown  alnut,"  from  3J  la  CJ;  in  lager  beer,  from  2 
to  3'5  per  cent  In  addition  to  alcohol,  the  malt  liquors  all  contain  a  certain 
quanlitity  of  nntritiTe  matters,  consisting  of  undecomposed  sugars,  nitrogeuized 
"c  parts  of  the  hop,  and  certain  mineral  salts.  In 
nantity  of  these  substances  yaries  from  4  to  8  per 
cent,  of  the  entire  weight ;  in  somo  of  tho  GermaG  beers  the  per  centage  is 
much  greater;  ho  that  beer  ia,  to  a  considerable  extent,  food  as  well  as 

125.  Wines  .—The  expressed  juices  of  ripe  fruits  containing  sugar,  con- 
tain also  a  peculiar  azotized  matter,  which  causes  them  to  readily  undergo  fcr> 
mentation  without  the  addition  of  yeast.  In  ordinary  summer  weather,  the 
clearest  juice  of  tho  grape  will  enter  into  fbrmontation  within  a  half  an  hour 
after  its  expression,  and  give  off  bubbles  of  gas.  The  azotized  matter  which 
occasions  this  fermentation  will  not,  however,  enter  into  an  active  state  of  de- 
composition, unless  free  oxygen  has  access  to  it  "Consequently,  wiiole 
grapes,  or  those  in  which  the  skins  remain  perfect  and  eolare,  may  be  dried 
and  converted  into  raj^us;  but  if  tho  skin  is  onco  itijm^,  a  Utile  air  gets  in, 
and  fermentation  soon  commences." 

The  method  of  making  wine  is  essentially  as  follows;  the  grapes  are  col- 
lected and  pressed ;  the  juice,  which  is  called  miist,  is  poured  into  vats  situ- 
ated in  cellars,  where,  as  the  t  mperature  U  low,  the  fermentation  proceeds  so 
slowly,  that  it  is  not  completed  until  after  somo  months.  During  the  fermen- 
tation, the  impurities  rLse  to  the  surfece  in  the  (brm  of  fVoth,  or  yeasf,  or  set- 
tle to  the  bottom  of  the  vats  (lees),  so  that  tho  pure  wine  is  finally  drawn  off 
clear,  and  ready  for  use.  Wines  intended  to  be  spajkling  or  effervescing,  ore 
bottled  before  the  fermentation  is  quite  Qnished.  so  that  the  carbonic  auid 
subsequently  evolved  remains  stored  up  in  tho  liquid. 

726.  Tlie  popular  qualities  by  which  wines  are  known,  are  their  strength, 
sweetness,  acidity,  and  fiavor. 

The  alrertglh  of  wine  depends  upon  the  alcohol  it  contains,  the  percentage 
of  which  varies  greatly  in  different  wines.  Tho  weaker  hocks  and  sour 
wines  contain  about  9  per  oeni  ;  champagne  from  5  to  15  ;  claret  from  9  to 
15;  while  the  stronger  madeiras^  sherries,  and  ports,  contiun  from  18  to  24 
per  cent  The  smeetisess  and  fruity  character  of  wines  is  due  to  a  portion 
of  grape  sugar  which  has  escaped  the  decomposing  action  of  the  fermentation, 
or  this,  there  is  no  sensible  quantity  present  in  ckirets,  Bui^undies,  hocks, 

QnrsTinsB.— TowhMBrelheintoiriMHriBpropertteBof  mnUliilnorsaiief    Hoir  much 
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etc.  Sherries  oont^n  from  9  to  12  grains  of  aug.ir  in  an  ounce ;  porls  from 
16  to  30;  and  the  so-called  sweet  wines  (Cyprus,  Malmaey,  etc.)  from  60  to 
100  grains.     Some  winea,  like  champ^ne,  are  arlifii^allf  sweetened. 

All  wines,  malt  liquoris,  and  ciders,  cootiUD  before  undei^oiog  acetous  fer- 
mentation a  variable  proportion  of  fl'ee  atnd,  wliicli  imparts  to  them  a  more  or 
less  distinctly  sour  taste ;  but  ia  each  liquor  the  chardcteristic  acid  is  diBer- 
ent.  Thus,  malt  liquors  contain  acetic  acid ;  cidera  aud  tlie  liquors  allied  to 
it,  lactic  acid  ;  while  the  acidity  of  wines  is  duo  to  tartaric  acid.  In  all  of 
them  acetic  acid  is  also  present  in  greater  or  less  quantity,  as  it  is  always 
produced  when  the  fermentation  of  alcoholic  liquors  is  allowei  p  ce 
too  far ;  but  lactic  acid  is  not  found  in  malt  beer  or  grape  win  m  sen  b  o 
quantity ;  nor  is  ijulario  acid  found  in.  beer  or  cidor.  When  h  f  m  nted 
jdce  of  tbe  grape  is  left  at  rest,  the  tartaric  acid  gradually  sepa  ro      t, 

and  in  combination  with  potash  deposits  itself  as  a  crust  upon  si         f 

the  cask  or  boltlea  (cream  of  tartar).  Hence  by  long  keeping  good  w  n  s 
become  loss  aoid,  and  oveiy  year  added  to  their  ago  increases  n  p  porti  n 
their  marketable  value.  Of  the  common  wines,  sherry  is  the  a,  a  aud 
the  Khino  wines  of  Germany  the  moat  so. — Jojinson. 

The  i^a;reeable  vinous  odor  of  wine  is  duo  10  tiie  presence  of  a  ra'Tan 
ethereal  substance  called  <eit(mlhic  ether.  This  body  does  no  x  t 
juice  of  tbe  grape,  but  is  produced  during  fermentation,  and  m  y  be  soL  d 
in  tlie  form  of  a  fetid,  higbly  fluid  compound  of  carbon,  h  d  og  n,  an 
oxygen.  In  addition,  however,  to  this  substance,  all  wines  conta  n  cert  n 
fragrant  principles  which  impart  to  them  a  peculiar  hotiquel,  fla  and 
render  wine  so  diiferent  and  so  preferable  to  beer,  or  any  art  fl  a  m  x  ore 
of  spirit,  sugar  and  water.  Tliey  exist  in  wine  in  very  miuate  quauliti  s,  and 
their  chemical  composition  is  not  woU  understood.* 

In  addition  to  the  substances  mentioned,  all  wines  contain  sm  11  q 
of  other  vegetable  acids,  together  with  various  coloring,  oily,  a  d  alb  m 
compounds. 

727.  Ardent   Spirits , — When  fermented  hquors  are  d       a 

moderate  heat,  the  alcohol  which  they  contain,  by  reason  of  i     rt 
tility,  separates  from  the  water,  and  together  with  a  little  si  am  a  d  som 
odoriferous  substances,  rises  as  vapor.     When  this  operation  is      ndu     d  a. 
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Fig,  225. 


paate,  which 


close  vessels  (retorts),  and  the  evolred  vapors  ai 
cooling  (see  Kg.  225),  liquors  containing  a  tai 
obtained.    To  auch  products  of  dislilla.- 
tion  only  is  the  term  ardent  epirita  prop- 
erij  applied. 

Ever?  different  fermented  liquor,  «1   n 
distilled,  yields  an  ardent  Hpirit  wh  cli  la 
characteriaed  by  a  peculiar  iiavor,  a 
distmguiahed  by  a  name  of  its    i 
Thus,  brandy  is  the  product  obtaiaeJ  by    I 
the  distillation  of  wine,  and  ram  tbi 
duct  of   dislJUiog   lermenled  molahses. 
Wliiakey  is  manufactured  from  corn  n 
or  potatoes  in  the  Ibllowitig  manner    t 
grain  or  potatoes,  boiled  or  masb^  a 
mixed  with  a  portion  of  barley-malt  and  w 

is  allowod  lo  stand  Ibr  a  time  at  an  elevated  temperature.  Under  tl 
ditions  the  diastase  of  the  malt  converts  the  starch  into  sugar,  whicli  is  tlien 
fermented  in  the  usual  manner  by  the  addition  of  yeast.  When  the  fer- 
mentaljon  is  concluded,  tlie  mass  is  placed  in  a  still,  and  the  spirituous  pria- 
ciple  distilled  over  by  heat.  The  condensed  product  is  whiskey,  while  the 
residue  loti;  in  the  still,  called  slops,  or  swill,  is  used  as  food  for  hogs  and 
cows.*  Gin  is  prepared  by  rectarying  {redisliUiag)  the  spirit  obtained  from  a 
miiture  of  fermented  rye  and  barley  with  juniper  berries.  By  this  means  it 
loses  the  crude  flavor  it  originally  had,  and  acquiros  the  agreeable  one  of 
junipers. 

the  percentage  of  absolute  alcohol  contained  in  ardent  spirita  intended  Ibr 
consumption  {i.  e.,  strong  brandy,  rum,  whiskey,  etc,)  varies  from  50  to  70 
per  cent  When  these  aro  submitted  W  distillation,  a  stronger  liquor,  called 
spirits  ofwine^  la  obtunod.  Tiie  product  of  the  redistil  lalion  of  this  last  is 
called  rectified  spirits  of  vHne,  or  rectifiM  alcohol,  and  contains  about  90  per 
cent;  of  alcohol  and  the  balance  wan^r  It  is  the  strongest  alcohol  known  in 
commerce.  The  quantity  of  water  remaining  in  reetJBed  spirits  of  wine  can 
not  be  separated  by  wmple  distillation,  but  is  accomplished  by  mising  the 
Bpirits  of  wine  with  chloride  of  calcium,  or  some  other  substance  which  has 
so  strong  an  affinity  for  water  that  it  absorbs  it,  and  allows  the  alcohol  to 
distil  over  pure.  In  this  condition  the  alcohol  is  termed  obsoluU,  or  an^ 
draas.    Proof  spirit  is  a  mixture  of  equal  parts  of  water  and  alcohol 
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It  was  fonnerly  the  custom  to  estimate  the  Etrength  of  an  alGoliolie  liquor 
by  iguiting  a,  little  of  it  id  conneetion  with  gunpowder ;  if  tlie  powder  waa 
fired,  the  sjririt  was  eonadored  strong,  and  called  proof;  if,  od  the  contrary, 
it  centred  more  than  half  water,  the  powder  was  not  ignited,  and  the  spirit 
was  said  to  be  below  prooE  The  quantity  of  alcohol  contained  in  a  solution 
is  now,  however,  calculated  by  deterniiuing  its  specific  gravity  (§  40),  or 


Fio.  226. 


eonvenienlly  by  means  of  the  aicoholmnekr  (seo 
Fig.  22G),  which  is  SO  weighted  and  graduated  that  it 
sinks  to  tho  topmost  point  of  the  scale  A,  which  ia 
marked  100",  in  absolute  alcohol,  and  to  the  lowest 
degree  in  pure  water,  which  is  mailted  1° — interme- 
diate poailious  indicating  proportional  mixtures  of  the 

128.  Properties  of  A 1  c o h o I .— Pure,  or 
strong  alcohol,  is  a  liiglily  volatile,  mobilo  liquid,  about 
one  fltUi  lighter  than  water  (sp.  g.  0'195)  possessing 
an  agreeable,  penetrating  odor,  and  a  hot,  burning 
tasto.  It  ia  very  combustible,  and  bums  with  a  pale 
blue  flame  without  srnoke,  but  with  intense  heat.  It 
a  strong  affinity  for  water,  and  absorbs  or  extracts 
i  it  from  substances  with  which  it  ia  brot^ht  ia  contact. 
'  On  this  account,  taken  in  connection  with  its  property 
oagulaUng  or  liardening  albumen,  it  acts  as  a  pow- 
erfiil  antiseptic,  and  is  much  used  to  preserve  organic  substances  IVom  putre- 
faction. Strong  alcohol  has  never  been  Irozen.*  When  taken  into  tho 
stomach  it  acts  as  a  dsadly  poison,  but  when  laT^ly  diluted  witli  water  it  is, 
as  is  well  known,  stimulating  and  intoxicatinj.  The  a^lvent  powers  of  alco- 
hol are  very  great;  it  dissolves  a  greiit  number  of  organic  sutistanccs  whicli 
ate  insoluble  in  water,  such  as  tho  volatile  oils  and  the  resins,  logetlier  with 
many  acids,  salts,  the  caustic  alkalies^  and  other  substances.  Alcoholic  ex- 
tracts of  motUcinal  plants,  roots,  barks,  et^.,  constitute  the  tinclurea  of  pliar- 
macy,  and  most  of  the  liquid  perfumes  (rau  de  Cologne,  etc)  are  solutions  of 
fragrant  and  volatile  oils  in  aleohoL  Many  varnishes,  also,  are  formed  by 
dissolving  resins  in  aloohoL 

129.  Bread The  preparation  of  bread  is  properly  considered  us  con- 
nection with  the  subject  of  vinous  fermentation: — 

The  flour  of  wheat  and  other  grains  which  enter  into  the  composition  of 
bread,  consists  mainly  of  starch,  gluten,  and  water,  together  with  small  pro- 
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portions  of  sugar  and  gum.*  Tho  first  step  in  t!io  proeees  of  bread-malting,  ia 
to  mix  t:^ether,  in  a  suitable  vessel,  a  proper  proportion  of  flour,  jaaat.  warni 
water,  and  common  salt.  Tlila  mixture,  which  13  called  tlio  »ponge,  is  worked 
np  to  tho  consistence  of  atiff  batter,  and  then  left  for  a  few  hours  in  a  warm 
atmosphere,  during  which  timo  the  yeast  excites  fermentation  in  the  sugar, 
and  occasions  its  conversion  into  alcohol  and  carbonic  acid.  The  gas  tbus 
generated  does  not  escape  in  bubbles,  but  ia  retained  by  the  tenacious  and 
viadd  dough,  which,  in  consequence,  becomes  light  and  porous,  and  swells  up 
to  about  twice  its  original  size. 

When  the  fermentation,  lias  proceeded  sufficiently  far,  about  twice  as  much 
Dour  as  was  originally  taken  is  added  to  the  sponge,  and  the  two  are  care- 
fully kneaded  t<^ther.  This  is  a  very  laborious  part  of  the  operation,  but  ii 
quite  essential  to  the  success  of  the  process,  since,  if  it  is  not  very  thoroughly 
attended  to,  the  half-fermented  sponge  will  not  bo  equally  and  uniformly  dis- 
tributed tliroughout  the  whole  of  the  dougb. 

If  tho  dough  be  now  put  into  a  hot  oven,  tho  fermentation  ia  at  first  inereaaed 
and  the  size  and  poro^ty  of  the  loaf  are  also  greatly  augmented  by  the  ex- 
pansion of  the  carlionic  acid  gas  contained  in  Its  cellular  spaces.  When, 
bowovcr,  the  whole  has  been  heated  to  nearly  the  temperature  of  boiling 
water,  tho  fermentation  is  suddenly  arrested;  and  tho  alcohol  and  a  lai^o 
proportion  of  the  water  employed  in  mixing  tho  dough,  being  at  tho  same 
i  by  tho  heat,  tho  ceUular  portions  of  the  baked  bread  ac- 


Imring  ecctlon  of  a  fuHy-rlps  graiEi  of  1 
magnifiod.    (Sec  F[g.  sr")    orojiresenla 

of  tUlck-waUed  cells,  haYlng  soucelj'  any 
k  layer  of  coUi  containing  gluten.    These  Ihrc 
gelher  form  Ihe  bran,    d  repreaents  the  ceUa 
talnlng  atarch  gratna  in  Ihe  Interior  of  llic  1 

per  (wnt.  of  glalen,  »bfls  the  inner  coating  contains  fyom  14  to  SO  per  cont    All  tbia  Is 

cut  tlie  luaas  of  grain,  among  the  cells  conUinins  stareh.    As  the  nutritira  qualltj  of  any 

la  (be  bran  eiubodles  a  lai^r  pToporllon  of  thlasobslancc  Ihsn  the  white  partof  Ihe  flour, 
Itlaobrloue,  that  by  Elfbing  out  (be  bran,  aaiaOBually  done,  vc  render  the  flourless  nu- 
Irilious.    The  br»n  generally  consUtutes  about  one  fourth  part  of  the  whole  iringht  of  the 
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quire  EO  much  Eolldity,  Ihot  they  retain  their  form  and  structure  permanently. 
If,  huwever,  the  heat  of  the  oven  je  not  properly  regulated,  or  if  tho  dough 
contains  too  mudi  water,  tlie  cellular  portions  harden  too  slowly,  and  on  tho 
escape  of  the  carbonic  acid,  collapse  and  run  togetiior  {slack-baking).  Tho 
alcohol  wbich  escapes  from  the  tread  in  baking  may,  by  meaoa  of  a  proper 
apparatus,  be  collected  and  condcoscd  into  spirits,  aud  this,  in  iact,  is  done  la 
some  of  the  European  bakeries. 

The  yeast,  in  cottvcrting  the  sugur  of  tho  flour  into  alcohol  and  carix.nic 
aixd,  acts  also  upon  tho  starch,  in  tho  manner  of  diastase,  and  transforms  a 
porUon  of  it  into  sugar ;  so  that,  althougb  tho  sugar,  which  originally  existed 
in  the  flour,  is  almost  complolely  decomposed,  tbe  amount  present  in  tba 
bread  remaina  very  nearly  constant.  "It  is  sometimes  stated,  that,  by  tho 
ordinary  mode  of  bread-making,  a  large  portion  of  tlie  most  valuable  part  of 
flour  is  dostroycd  by  fermentation.  This,  however,  is  not  tho  case.  Tery 
little  of  tba  azolized  matter  of  the  Hour  is  lost  during  tbe  fonnentation  of  tho 
dough ;  tbe  chief  effect  produced  is  a  loss  of  B  pension  of  tbe  sugar;  but  as 
nearly  an  equal  quantity  is  formed  from  the  starch,  tbe  real  effect  of  the  fer- 
mentation may  bo  said  to  be  principally  tho  loss  of  about  &  percent,  of  starch.'' 

The  addition  of  common  salt  to  bread  renders  it  more  wholesome  and  di- 
gestible, and  also  assists  in  its  preservation. 

The  nuanlity  of  water  in  well-bakod  wheatcn  bread  amounts  to  about  45 
per  cent.,  or,  in  other  words,  tho  bread  wo  eat  is  about  one  half  water. 
Bread  that  has  been  kept  for  a  few  days,  loses  tho  characteristic  soilness 
vrbich  disOnguishes  it  when  frosh-baken,  and  becomes  "crumbly,"  and  ap- 
parently drier.  In  this  condition  it  is  known  as  slaie  bread.  The  change, 
however,  is  not  due  lo  any  lo  a  of  water,  but  to  a  change  in  the  internal  ar- 
rangement of  the  molecules  of  the  bread. 

The  solability  of  bread,  and  its  consequent  ready  digestibility,  is  somewhat 
increased  by  lj:>asting,  tbo  starch  bemg  thereby  converted  into  a  modlQod 
gnm  (g  G89). 

730.  As  tho  process  of  farmentic^  bread,  in  order  to  render  it  hght  and 
porous,  is  troublesome,  and  somewhat  uncertain,  various  attempts  baye  been 
made  to  ciTcct  the  same  object  by  other  agencies.  The  best  of  (he  substi- 
Etiluted  methods  is  undoubtedly  that  in  which  bi-carbouate  of  soda  and  hy- 
drochloric (muriatic)  acid  are  employed.  A  small,  but  definite  quantity  of 
carbonate  of  soda  is  first  thoroughly  miixed  with  tho  flour,  and  enough  pura 
acid  to  perC^ctly  noatrnlize  it  is  then  added  to  tbe  proper  quantity  of  water, 
Tbo  flour  and  tho  acid  water  being  then  thoroughly  incorporated,  the  acid 
acts  upon  the  carbonate  of  soda,  decomposes  it,  espels  its  carbonic  acid,  and 
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unites  with  the  soda  to  form  common  salt.  The  result  13  tho  production  of  a 
light,  spongy  dough,  as  in  ordinary  fermentation,  while  the  salt  fornaed  and 
remaining  in  the  dough,  renders  the  addition  of  this  substance,  in  the  first  in- 
stance, unneoeasary.  The  moat  serious  objeetion  to  this  plan  ia  the  difficulty 
of  procuring  pure  hydrochloric  oci»l,  and  of  regulating  tlie  proportions  of  acid  and 
soda.  TartaiTC  acid  may  be  suhBtituled  in  tlie  place  of  hydrochloric  acid,  and 
the  so-called  yeast  powders  are  generally  prepared  by  mixing  bi-carbonate  of 
soda  and  tartaric  add  in  proper  proporUons.  The  carbonato  of  mnmonia  ia 
also  not  unfrequeutly  ufed  (§  525). 

731.  Sources  of  A  Icohol  — Alcohol  is  not  a  principle  esistmg  in 
nature,  elaborated  and  stored  up  by  the  pilots;  but  ia  aJwaj-a  a  product  of 
tlie  destructivo  decomposition  of  higlily-oi^aniaod  matter.  The  principal 
Boureea  from  which  crude  alcohol  is  obtiined,  are  the  most  valuable  of  our 
cereal  grains,  immense  quantities  of  which  are  annually  used  for  this  purpose, 
mid  of  course  to  the  same  oxtent  the  a^rcgate  supply  of  Ibod  for  man  ia  di- 
minished. The  waste  of  raw  material  which  accompanies  the  manu^cturs 
of  alcoliol  from  grain  is  also  very  great,  ^nco  the  nitr<^nized  elements  of  the 
grain  do  not  enter  into  its  composition,  and  are  accordiogly  lost  for  any  useful 
purpose ;  while  the  starchy  and  Baeehariue  consfjtuents  are  convertod  to  tho 
ostent  of  lialf  their  weight  into  valueless  carbonic  arad  and  water.  Woody 
fiber,  it  will  be  remembsred,  baa  identically  the  same  composition  as  starch, 
nnd,  like  it,  maybe  converted  by  the  action  of  acids  into  grape  sugar,  which  is 
capable  of  fUroishing  alcohol.  Tliia  process,  however,  by  reason  of  its  ex- 
pense, is  not  practically  useful;  but  its  consideration  has  mudi  of  interest, 
einco  the  discovery  of  a  cheap  and  ready  method  of  coTiverting  woody-fiber, 
and  bodies  of  like  composition  and  character,  inio  gluci>se,  to  he  nsed  in  the 
maDuTacturo  of  alcohol,  would  prove  one  of  the  most  valui^lo  discoveries  in 
the  annals  of  Eoieiica. 

732.  Products  of  the  Action   of  Acids  upon  Alcohol. 

Ether . — When  equal  weights  of  strong  alcohol  and  oil  of  vitiiol  are 
heated  to  ebullition  in  a  retort,  a  colorless,  liighly  yoiatile  liqnid  distils  over, 
which  is  known  as  eSier,  or  salpliitric  etiier.  As  soon  as  the  contents  of  tho 
retort  blacken  and  froth,  the  process  must  be  diseontmued,  or  otherwise  the 
distillatfl  will  be  contaminated  by  other  subslancGS. 

The  formation  of  tills  liquid  maybe  expkiined  as  follows;  alcohol  is  as- 
sumed to  be  the  hydratsd  o.^yd  of  an  organic  radical  ethyls,  its  composition 
being  represented  by  tho  formula  C,TicO,==C4^Kl+KO.  When  sulphuric 
acid  is  addod  to  alcohol  and  heated,  it  unites  with  the  oxyd  of  ethyle  to  form 
a  bi-snlphate  (C4TISO,  2SO3),  and  from  tliis  compound  at  a  higher  temperature 
the  oxyd  of  ethylo  (ether)  separates  and  distils  over  as  a  vapor.  Tlie  alcohol, 
therefore,  is  convertod  into  ether  by  the  simple  loss  of  an  atom  of  water. 
The  prefix  sulphuric,  as  applied  to  ether,  is  merely  intended  to  indicate  its 
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origin  and  disKnguish  it  from  otber  boiKes  of  like  character,  siace  it  contains 
no  sulphuric  atnd  in  its  compoBition. 

Ether  ia  a  colorlesB,  trdnaparent,  fragrant  liquid,  esceedinglj'  ttiia  and  mo- 
bile. It  Iwila  at  96°  P.  (or  when  exposed  to  ttia  sun  in  auuinier),  and  may  Ire 
frozen  by  oipoaare  to  aevere  cold.  In  the  open  air  it  evaporates  witli  great 
rapidity,  and  occa^ona  tiiuroby  a  degree  of  cold  sufficient  even  to  freeze  water 
(§  1 64).  Tliispropurtf  may  bu  illustrated  by  allowing  a  few  diops  of  it  to  evapo- 
rate upon  tlio  iiai.di.  It  ia  higlily  combustible,  both  in  the  stale  of  liquid  and 
vapor,  and  on  this  account  sliould  never  be  brought  near  a  flame.  With 
atmoapheric  air,  or  oxygen,  its  vapor  forms  eiplosivo  mistures.  This  may 
be  esperimentnllf  shown  by  pouring  a  few  drops  into  a  tumbler,  and  alUr 
a  little  time  applying  a  baming  taper.  Ether  mixes  with  aleoliol  in  all  pro- 
portions, but  ia  very  sparingly  soluble  in  water.  It  dissolves  most  oily  and 
fatty  aubstancea  with  great  readiness,  but  its  aolvont  powers  generally  are  far 
mare  limited  than  those  of  alcohoL 

When  the  vapor  of  ether,  mixed  with  atmospheric  air,  is  inhaled,  it  pro- 
duces at  first  a  speraea  of  intoxication,  wijich  is  speedily  suooeeded  by  a  kind 
of  stupor,  during  which  the  system  is  nearly  ineenablo  to  pain.  This  impor- 
tant property  is  not,  however,  confined  to  etlicr  alone,  but  ia  possessed  by 
nearly  all  tbo  gaseous  hydrocarbons,  and  by  some  in  a  much  greater  de- 
gree. Ether,  however,  was  the  first  Bubslanoe  employed  as  an  ansestheUo 
agent,  and  under  all  circumstances  must  be  regarded  as  the  eafosl,  no  acia- 
duGta  from  its  moderate  inhalation  having  ever  been  recorded. 

733.  Varielieeof  Ether  —By  distilling  alcohol  with  various  acids, 
different  combiniUions  of  tho  radical  ethyle  may  be  produced,  which  are  gen- 
erally spoiien  of  .^s  kmds  of  ethers.  Thus,  by  distilUng  a  mixtore  of  alco- 
hol, sulphuric  and  acetic  acids,  we  obtain  an  exceedingly  fragrant,  volatilo 
liquid,  acetate  of  the  oxyd  of  ethyle,  or  acetic  ether.  Tiie  fragrant  odor  of 
this  body  may  be  evolved  by  sliglitly  heating  in  a  test  tube  a  mixture  of 
the  above-named  substances.  In  like  manner,  witli  the  aid  of  nitiic  add  we 
may  obtiun  a  nUnma  «fter,  which  is  much  used  in  medicine  unds-r  tlje  name 
oCaweei  tpirili  of  niter;  and  with  butyric  acid,  a  bjUync  eiher,  wliich  has  the 
odor  of  mm,  and  ia  now  prepared  for  the  purpose  of  imparting  to  alcohol 
this  flavor  in  the  fabrication  of  liquors. 

734.  Products  of  the  Oxydation  of  ileohol— When  a^ 
cohol  or  ether  are  burned  in  free  air,  the  products  of  combustion,  aa  with  all 
iimilar  hydrocarbons,  aro  carbonic  acid  and  waier.  Under  certain  circum- 
Btances,  however,  these  aubalancea  undergo  a.  partial  oxydation,  in  which  the 
hydrogen  alone  is  oxydated  or  separated,  leaving  tho  carbon  unaffected. 
The  reault  is  the  formation  of  a'  series  of  compounds  which  arc  aupposed  to 
contain  a  now  organic  radical  called  acdyle,  CjHs,  derived  from  ethyle, 
CiHt,  by  the  removal  of  2  equivalents  of  hydrogen  by  oxydation. 

QniBTJONB.— What  Brelhe  properties  of  ether!  Whal  is  mid  of  Its  solTent  powersl 
Wlist  of  iUBnBBthellc  properties*    Is  tliis  proptrtr  confined  to  ettier?     How  may  dif- 

of  Ibe  gcdiiiu?  cDmbuslioa  at  alcohut!    WhiLtiK  aceli'le!    Uow  is  11  formed? 
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735.  Aldehyde  .—The  first  known  product  of  Ihla  series  is  a  hj-drate 
of  the  oxyd  of  aoetjie,  CiTIaO+HO,  oaUed  aldehyde  (from  il,  alcohol,  tfe,  from 
which,  hyd,  hydn^n,  is  taken).  It  is  a  limpid,  colorless  liquid,  posseasisg  a 
peculiarlj  auQboatiiig  odor,  and  may  be  prepared  by  distilling  a  t 
alcohol,  oil  of  vitriol,  and  the  pcroxyd  of  manganese.  It  may 
also  ho  easily  produced,  and  its  oharachiriatic  odor  illustrated,  • 
hy  plunging  a  eoil  of  fine  platinum  wire  heated  to  redness  int 
vessel  containing  a  miKture  of  alcohol  or  ether  Taper,  and 
mospheric  £ur.  (See  Fig.  228,  also  §  469.)  The  sldehyde  is  ? 
Ibrmed  tn  this  experiment  booauao  the  oxydalion  is  Dot  sufficient  n 
to  occaMon  a  complete  combustion  of  the  alcohol  vapor.  Aide-  1 
hydc  dissolves  sulphur,  phosphorus,  and  iodine,  and  is  especially 
remarkable  for  its  afBoity  (or  oxygen,  in  consequence  of  mhich 
it  is  capable  of  redudng  many  of  the  metallic  salts.  The  addi- 
tion of  a  little  aldehyde  in  water  to  an  ammoniacal  solutioi 
nitrate  of  silver,  occa^ons  the  immodiato  precipitation  of  the  silver  as  a  bril- 
liant white  raetaL 

736.  AcBlie  Acid  is  well  known  as  the  acid  of  vinegar,  which  latter 
substance  ia,  in  &ct,  a  rely  dilute  act^tio  acid,  containing  also  much  sacchflrine 
and  mucilaginous  matter.  Acetic  acid  is  regarded  as  a  hydrated  teroxyd  of 
the  same  radical,  acetyle,  which  enters  into  the  composition  of  aldehjde^ita 
composition  being  represented  by  the  formula  CjHjOj-j-HO. 

Alcohol,  when  pure,  or  merely  mi.xed  with  water,  undergoes  no  change 
when  exposed  to  the  air ;  but  the  presence  or  contact  of  various  foreign  Bul>- 
Etances,  dispose  it  te  absorb  oxiygen.  Thus,  if  a  few  drops  of  strong  Epirilsof 
wine  bo  let  flkU  upon  a  litUe  plaljnnm  black,  the  oxygen  condensed  in  tbo 
pores  of  the  .latter  unites  so  rapidly  with  the  alcohol,  as  to  occasion  ita  instant 
infiammatioiK  Under  the  smue  circumstanocs,  when  t)ie  spirit  is  mixed  wilh 
a  little  water,  oxydalion  sliil  takes  place,  but  with  less  enei^,  and  the  aloo- 
hal  ia  converted  into  aceljc  acid.  In  these  transformations  the  platinum 
itself  experiences  no  change.  The  oxydalion  of  alcohol,  through  the  agency 
of  platinum  black,  may  be  experimentally  exhibited,  also,  by  placii^  a  capsule 
contMning  platinum  black  upon  a  plalc  by  the  side  of  a  small  vessel  of  alco- 
hol, and  exposing  the  whole,  covered  with  a  bell-glass,  to  the  sunshine 
In  a  sliort  time,  the  vapor  of  acetic  add  will  be  observed  to  condense  on  the 
Bides  of  Iho  jar,  and  run  down  in  drops ;  and  by  occasionally  admitting  fresh 
air,  the  whole  of  tJie  alcohol  may  in  a  few  lioura  bo  acidified. 

The  oxydation  of  alcohol,  at  the  expense  of  the  oxygen  of  the  air,  is  ala> 
effected  by  the  presence  of  almo'ft  any  azotined  matter  (feiment)  susceptible 
of  putrefaction.    Cider,  wine,  and  beer  naturally  contain  such  substanees,  and 

QUESTioNB.— Whtt  Is  ulilthyileT    Wlint  are  its  jiropgrtles  •    How  ia  It  fomwd  f   What 

cumatancea  Is  (Icohol  aj-yliiivAl    Ilair  mi;  the  traDsfbrtuation  of  aloahol  <iit<i  tceUcacid 
DlB  on  Blcoholt    Why  do  elder,  liecr,  etc. 
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tlieTofbro  readily  un  1 
moderato   tamp 
Duriug  th    !  no 
aisting  cii   fly    f  alb  a 
exciUngo 


go  ac  lous  fennoDlalioQ  when  exposed  to  the  air,  at  a 
and  become  converted  into  Tioegar  (aeelic  acid). 
f  alcoholic  liquora,  a  mucilaginous  subatanee,  con- 
un  aa  matter,  is  attparaled,  wbidl,  tVom  its  iiiHuenoe  in 
t  13  fermentation,  is  popularly  termed  tlie  inottero/ 
vinegar.  Acidifleation  of  this  character  occurs  most  readily  immediately  after 
a  Bpirituoua  lermenCation  winch  has  taken  place  at  too  liigh  a  tomperaturu ; 
hence  brewers,  during  the  summer  months,  esperienee  much  trouble  in  p-e- 
venting  their  fermenting  wort  and  mash  rrom  turning  sour. 

737.  Vini^ar  is  now  manufectured,  on  a  large  scale,  directly  from  alcohol, 
by  diluting  it  with  water,  adding  a  little  yeast,  and  exposing  tjie  mixture  to 
the  air.    This  last  is  beet  eSected  by  causing  the  liijuor  lo  trickle  ^wly 
fiy  229  through  a  cask  filled  with  shavings  of  beech- 

wood,  and  arranged  as  is  represented  in  Fig. 
22<J.  The  head  of  the  cask,  d,  is  clo^d  willi 
a  sbcl^  c,  pcrtbratcd  with  many  small  holes, 
tiirough  which  threads  are  passed  to  conduct 
the  liqnor  downward,  and  distribute  it  evenly 
over  the  interiin:.  The  sliaving?,  first  so.iked 
in  viii^ar,  are  placed  loosely  in  the  cask, 
a  Iree  circulation  of  air  between  them  being 
provided  for  by  moans  of  holes,  a,  in  the 
sides  of  the  cu^.  In  tills  way  the  alco- 
holic liquor  is  caused  to  present  an  immense 
extended  sur&ce  to  the  action  of  the  air,  and 
oxydation  takes  place  so  rapidly,  that  very 
fteqnently,  by  the  time  the  liquid  has  trickled 
to  the  bottom  of  the  cask,  it  no  longer  con- 
tains any  alcohol,  but  is  entirely  converted  mt*  vinegar.  XJsiinlly,  however,  it 
is  necessary  to  pass  the  liquid  through  the  apparatus  a  number  of  limes  before 
this  change  can  bo  compleiely  effected.  The  presence  of  acotic  add  itself 
assi-ts  the  action  of  acidification,  and  it  is  for  this  reason  that  the  shavings 
are  soakod  in  vinegar  before  uginj;.  This  process  is  known  as  the  quick 
method  of  making  vinegar. 

The  pyroligneous  add  (or  wood  vinegar),  obtained  by  the  distillation  of 
hard-wood  in  close  vessels  (§  6S0),  is  an  impure  acetic  acid,  and  as  such  is 
J  rgely  used  in  dyeing  and  calico-printing ;  the  presence,  liowever,  of  certain 
empyreiimatic  substances  extracted  from  the  wood,  impart  to  it  a  disagreeable, 
amoky  odor,  and  render  it  unfit  for  purposes  of  domestic  economy. 

The  acid  liquids  obtained  by  the  above-mentioned  processes,  are  not  pure 
acetic  acid,  but  merely  solutions  of  it  in  water.     This  may  be  coneenirated,  but 
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if  we  attempt  to  obtnin  tlie  acid  free  from  flnj  water  by  distillation,  it  Is  d  - 
cjmposed.  Acetic  acid  in  a  separate  state  is  prepared  by  aeatralizing  vinegar 
witii  soda  or  lime,  evapocating  to  dryoess,  and  distjlliiig  the  solid  re^due  in 
KOQuei^on  witli  Bulpliurio  acid.  The  evolved  vapors  condensed,  fiiinish  a 
colorless,  intensely-aour  liquid,  which  possesses  a  pungent,  fragrant  odor,  and 
blisters  the  akin.  It  mixes  with  water  in  all  proportions,  forming  vinegara  of 
different  d^eea  of  Etrei^th.  Common  tablo  vinegar  usually  coatains  from 
3  to  5  per  cent,  of  acetic  acid.  The  salts  of  vinegar,  sold  by  druggists  as  a 
reviving  scent  in  sickneas  and  fainting,  consist  of  sulphate  of  potash,  impreg- 
nated with  acetic  acid.  Acetic  arid  dissolves  many  organic  bodies,  such  aa 
gluten,  gelaOno,  gam,  resius,  the  wliile  of  eggs,  etc ;  hence,  its  use  aa  vine- 
gar, in  moderation,  promotes  digestion.  When  vinegar  is  exposed  to  cold,  the 
ivater  contained  in  it  is  IVozen  before  the  acetic  acid  is;  hence,  weak  vuiegar 
is  made  stronger  by  partial  freezing. 

738.  Salts  of  Acetic  Icid. — Acetic  acid  unites  with  most  bases  to 
form  an  important  class  of  salta  called  acclaU-s,  all  of  whicli  are  soluble  in 
water.  Acetate  of  lead,  PbO,  CilIjOs,  t'.ie  sttjaro/toid  of  commerce,  isa  white 
salt  formed  by  diasolving  oxyd  of  lead  (litharge)  in  acetic  acid.  It  possesses 
a  very  sweet  astringent  taslii,  and  is  often  employed  in  medicine,  but  when 
talton  internally  in  any  other  than  minoto  quantities  is  a  poison.  Acetate  of 
capper  constitutes  verdigris  {§  613),  Acetates  of  alumina  and  of  iron  ara 
s.ilts  much  used  in  dyeing  and  calico  printing, 

139.  itlolhylic  ilcohftl . — In  counection  witli  the  pyroligneoua  acid 
obtained  by  the  distillation  of  wood  in  dose  vessels,  tliere  also  passes  over  a 
volatile  inllammabte  liquid,  whicii  is  alUcd  to  alcohol  in  its  composition  and 
properties.  This  substance  in  its  pute  state  is  known  aa  metliylic  alcohol,  or 
wood-spirit,  and  is  supposed  to  be  tlio  hydraled  oxyd  of  a  radical  called 
meihyle,  the  constitution  of  whicli  is  represented  by  Uie  formula  CiHj,  and 
that  of  its  alcohol  by  OjHjO+HO,  Crude  pyroUgoeous  acid  contains  about 
l-lOOth  of  Its  weight  of  this  auljstanee,  wliich  is  separated  from  it  by  distil-' 
lation.  It  occurs  OS  an  article  of  commerce,  and  is  often  substituted  for  al- 
cohol in  various  processes  in  the  arts.  Its  odor,  however,  is  quite  different 
from  that  of  ordinary  alcohol. 

140.  Fermic  Acid  . — Aa  alcohol  by  osydatJon,  under  the  inflaenca 
of  Gneiy  divided  platinum,  gives  rise  to  acetic  add,  su  wood-spirit,  under 
similar  circumstances,  produces  an  acid  product  which  has  been  called  formic, 
from  the  circumstance,  that  a  similar  acid  mjy  bo  o\tracti.-d  Horn  ants  by 
distilUng  them  with  water.  As  acetic  acid  is  regarded  as  the  hydrated  tei> 
oxyd  of  the  radical  acctyle,  so  fiirmic  acid  is  considered  as  tlie  hydrated  ter- 
oxjd  of  a  new  radical  ^rmyfc,  wliich  is  derived  from  methvle  aa  acetylo  is 
from  ethyle — Ibe  formula  of  Ibrmyle  bek^  CjH,  and  that  of  formic  add, 

QDEariDTf  e. — How  Is  acetJD  acid  prepared  ?    VThafc  are  the  propertica  of  acetic  act^  f 
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CsH,Os-rHO.  Fonnic  add  also  unitea  with  bases  to  form  salts,  which  cloHelj 
raaemblea  the  acetatea. 

741.  CiiUroform,  11,11  Clj,— This  sub.itiuc!?,  ivhicil  is  regarded  as  a 
terchloride  of  the  radical  formyle,  ia  l>tat  oijtuiuiid  by  distilling  alcohol,  or 
wood-apirit,  with  a  aolulioa  of  chloride  of  liiuo  (bleaching  powder).  It  ia  an 
oily,  colorless  hiiuid,  of  an  agreeable,  ethereal  odor,  and  of  a  sweetish  tasle. 
An  alcoh<dic  solution  of  chloroform,  prepared  by  distilling  chloride  of  limo 
■wiHi  an  ezcesa  of  aleoiiol,  ia  known  ia  medicine  by  the  incorrect  came  of 
cfttorjc  ether,  and  is  the  liquid  which  is  now  generally  sold  and  used  uoder 
the  name  of  chloroform.  The  vapor  of  chloroform,  when  inhaled  with  atmos- 
pheiie  air,  produces  auasthetio  effects,  like  the  vapor  of  elber.  It  is,  bow- 
ever,  much  more  potent  and  Hgreeable  than  ether,  and  has  to  a  conaiderable 
extent  rophiced  the  latter  ageut  in  sni^ioal  practice.  Chlorolbrm,  unless  pre- 
pared Kom  perfectly  pure  alcohol,  ia  liable  to  cont^u  certain  foreign  and 
Totatile  compounds,  which  exert  a  most  deleterious  and  often  fatal  efTect  upon 
tho  system  when  inhaled.  No  person,  therefore,  should  sell  or  use  chtoroCorm 
which  is  not  known  to  have  been  properly  prepared.  Chloroform  is  with 
difficult  kindled,  and  burns  with  a  greenish  Oame.* 

142.  Amylic  Alcohol . — In  tlie  process  of  distilling  whiskey  from  pota- 
toes, there  is  generated,  in  connection  with  the  crude  spirit,  a  volatile,  oily  body, 
possesaing  a  pimgent,  diaagreaible  odor.  This  aubstance,  the  complete  sep- 
araKon  of  which  from  the  crude  apirit  ia  a  matter  of  difficulty,  appears  to  be 
analc^us,  iu  its  compo^tion  and  chcmieal  reacUons,  to  alcoliol,  and  ia  re- 
garded as  the  hydratcd  oxyd  of  a  radical,  termed  amyle, — the  hydraled  o\yd 
itself  being  called  amylie  alcohol,  or  more  generally,  fasd  ail  (from  the  Ger- 
man yiweiiiei),  or  oil  of  potato  spirits."  Amjtic  alcohol,  in  a  pure  slnte,  hastlio 
appearance  ofathm,  colorless  oil;  it  is  highly  vohitile ;  and  the mhala^on of 
its  vapor,  in  even  a  minute  quantity,  is  attended  with  very  deleterious  effects ; 
the  fatal  acdtletits  which  have  sometimes  resulted  from  the  uae  of  chloroform 
being  generally  ascribed  to  its  admixture  with  this  compound.  It  exists  in 
almost  all  ordinary  alcohol  in  small  quantity,  and  is  the  occasion  of  tlie  per- 
sistent and  somewhat  famtly-diaagreeable  odor  which  alcohol  leaves  upon  a 
sur&ce  after  ovaporation- 

The  extraordinary  character  of  the  compounds  and  derivatives  of  amylio 
alcohol  (fiisel  oil),  render  it  one  of  the  most  interesting  products  of  orgaiiio 

•  A  most  efficient  and  economical  appamtus  for  disinfecting  spsiim 


nanieiaspplicdK.it?    Wbat  are  tU  pi 
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diemialry — most  of  the  sutstances  into  which  its  const ituenla  enter  ns  compoo 
ttnta  being  ehaiactcrized  by  very  singular  and  remaj-kable  odors.  For  Lxample 
when  amylic  alcohol  is  wiirined,  and  dropped  upon  platinum  bbick,  it  ovj  iiz  B 
and  Torms  an  acid,  which  bears  the  Eanic  n:latioii  to  its  alcohol  that  auti  o 
acid  does  to  ordiaaiy  alcohol  This  compound  potisess^s  in  an  intense  degree 
tlie  odor  oTviUeriaTi,  and  ia  beheved,  fuithcnnore,  to  bo  identical  with  tie 
acid  which  imparls  to  the  root  of  tho  plant  yalerian  ila  odor  and  medicinal 
properticH:  it  bos  heuco  been  called  vaienarac  acid,  and  bas  been  advajitago- 
ouslj  employed  in  mediciEc  m  place  of  tbe  natural  extract. 

By  distilling  amylio  alcohol,  under  proper  circumstances,  with  various 
ncids,  we  obtain  odoriferous  compounds,  wiiich,  during  the  last  few  year^ 
Iiave  beoomo  &miliarly  known  aa  "fruit  estracla,"  or  "essence^  and  sa 
"liquor  flavoring  materials."  Thus  amylic  alcohol,  distilled  with  sulphuric 
acid  and  acetic  acid  (acetate  of  potash),  yields  an  oily  product  which  poaaestca 
most  perfectly  the  odor  of  the  "  Jargonoliu"  pear ;  uhromio  acid,  aubatitutod  n 
the  place  of  acetic  acid,  gives  oil  of  apples ;  while  otber  acida  yield  pro  duels 
possessing  the  flavoia  of  the  banana,  the  orange,  and  many  other  fruits.  In 
the  aame  manner,  the  flavoring  prindplea  which  characteriie  epiritaous  liquors 
may  be  obtained,  and  indeed  are  now  manuEictured  and  sold  extensively 
under  the  names  of  "ml  of  cngtiac,"  "oil  of  wine,"  etc.,  for  the  febrLoation  of 
alnjoat  any  kind  of  liquor  or  wine,  from  pure  alcohol.*  Although  prepared 
ih>m  a  poisonons  basia  (fusel  oS),  these  extracts  do  not  appear  to  possess  any 
injurious  qualities,  when  used  in  nioderalo  quantities  aa  flavoring  agents ;  and 
the  position  has  even  been  taken  by  some  chemists  that  they  are  idenlioal  in 
compos  th  th    ptrf     es     1    1       t       cnnfiilly  elaborates  in  different 

fruits  d  pi  ta.  I  add  ti  tpefm  thmt  agreeable,  however, 
odors  fthintd'ntg  1  usush  b.  can  also  be  produced 
by !  k  moans,  f  nst  ce  tl  d  f  Ih  b  d  b  g,  squash-bug,  and  of 
many  diaagn.    bl    pi  d     eed       Th    b        ra  I  cal  employed  for  this 

purpose  IS      t,  h  11  an   1  tl  e  same  propettiea  are 

char    tn-ttso         -ttf  b       f       1:^       radicals. 

743.  Sulphur  Alcohols,  or  DI  e  r  c  n  p  I  a  d  9  .—By  various  indi- 
rect processes,  tho  oxygon  of  wine,  methylic  and  amylic  cdeohol,  may  be  re- 
placed by  Bulphur,  their  other  consliluenls  remaining  unaltered,  and  in  thia 
way  a  aeries  of  bodies  may  be  p:iidiiccd,  which  Irom  tiieir  resemblance  in 

•  Afpirdropeof  oil  of  cognac,  added  to  a  fitsiss  of  wafer  colored  with  bnnt  sagar  (car- 
dark  brandy.  Hann&cturers,  in  fabricating  splrituoun  llquora  from  alcohol,  by  the 
•id  of  IhiHB  flavoring  eitraetn,  find  it  neoeosarj-  (o  use  an  article  of  ajiiritB  from  which 
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compodtion  to  alculiol,  liave  been  callod  sulpliur  alcobola,  or  b;  reason  of 
their  great  atBuitj  lor  mereurj,  mercaptans  (jnercanBm  captans).  Tlioa  the 
compoaitiou  of  wine  alcohol  being  CilljOj,  its  mereaptan  would  be  CjHeSj. 
These  producla  ia  their  properties  closely  resemble  tbe  oily  compounds  mliiok 
imparl  lo  garlic,  tbe  onion,  and  other  plants  of  liko  cliaracler  Uieir  offensive 
odors,  and  in  lact  may  be  considered  oa  ortiScial  oils  of  garlic  The  mcr- 
cuptan  produced  from  methjlic  alcohol  is  a,  coloilcrsa  liquid,  witb  a,  most  of- 
fensive (md  concentrated  odor  of  onions,  whiuh  penetrates  and  obstinatel/ 
adheres  to  every  substance  with  which  it  is  brought  in  contact. 

144.  If  wo  replace  tbe  aiilphur  fxiaUng  ia  theso  fetid  conipounda  wilh  ar. 
cenic,  we  produce  new  volatile  substances  which  are  not  only  insufferablo  in 
their  smell,  but  rank  amoag  the  most  deadly  poiaons  known  to  chemists. 

Such  a  compound  ia  toiodyJe  (from  kcikoc,  evil,  and  i7.>!,  principle),  formed 
by  the  union  of  arsenic  with  the  radical  melhyle,  and  which,  from  tbe  cir- 
cumstance Uiat  it  fulfils  m  composition  tbe  part  of  an  element  in  a  very  re- 
markable manner,  has  been  studied  by  chemists  with  great  minuteuess.* 
United  with  cyanogen,  it  forms  cyanide  of  kakodyle,  a  compound  possessed 
of  most  deadly  qualities.  "  When  exposed  lo  the  air  it  rises  in  the  form  of 
vapor,  which  by  contact  wiUi  moisture  is  instantly  decomposed,  its  arsenic 
uniting  with  o.fygen  to  form  fiimes  of  arsenious  acid,  whQe  the  eyani^n  by 
combination  with  hydrogen  forms  prussic  acid ;  and  thus  at  tho  same  in- 
stant the  flJr  is  impregnated  with  vapors  of  tho  two  most  deadly  poisons 
wilh  which  we  are  acquainted."  The  evaporation  of  a  fbw  grains  of  cyanide 
of  kakodyle  in  the  atmosphere  of  a  room,  ia  esii  to  produce  ahnost  instan- 
taneous uneonsciousnoss.  In  addition  to  these  substances,  many  other  com- 
pounds of  a  somewliat  similar  character  bavo  been  formed  and  described, 
and  it  has  sometimes  been  proposed  to  employ  them  as  ingredients  in  ex- 
plosive war  projectiles  (asphyxiating  byaihs). 


CHAPTER    XX. 

VEGETABLE     AGIOS. 

143.  Over  two  hundred  distinct  acid  compounds,  the '  products  of  tho 
vegetable  kingdom,  have  been  isolated  and  described  by  chemists.  They  are 
all  composed  of  carbon,  hydrogen,  and  oxygen,  with  the  lattor  element  gen- 
erally in  large  e.vcess.     They  are  not,  however,  usually  found  in  plants  in  a 

■  A  rscent  chemipja  aolhorltj  ha?  dtecribca  the  odor  of  thia  compound  ai  fir  eieeeding 
1:1  o3eiiBiveiiefis  tHe  fetor  eiluled  by  any  animal  or  ve^liUo. 

QuiaTioKB.— What  ire  Iheir  properlten  •  B7  rcplidng  snlphurwilh  arMnio,  what  wim- 
ponnda  >re  formed !  Wbat  Is  kakodyle  ?  What  ire  lU  prapertiasf  What  la  said  of  tlie 
Dumber  and  diatribution  of  llio  yegetablo  adds? 
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.1  cuuibiojtioQ  with  vi 


a  durived  from  the  soi],  such 


potash,  soda,  lime,  etc.     Tlie  salts     Fio.  231. 
thus  formed  are  sometimes  neuCial,  but  r 
Qiore  frequently  acid  in  their  charae-  I 
ter,  and  consequently   impart  to  the  1. 
portions  of  the  plant  coutiUDiag  thorn 
B,  distinctly  acid  taste  aad  reaction. 
When  the  salt  is  sparingly  soluble,  it 
often  accumulates  in  the  cells  of  the  I 
plant  in  the  form  of  minQto  crystals,  I 
which  are  readily  discernible  by  the  > 
EiicFOseope.    Fig.  230  represents  crys-  I 

nd  in  the  onioa,  and  Fig.  231  ci^stala    I 

irring  la  the  rhubarb. 

a  yery  widely  diffbsed  in  the  regetable 

in  only  a  few  particular  plants,  ' 

lost  important  of  thum  only  require  ppeoial 


h  character  to 
of  oxalate  of  potash  oci 

Some  of  these  aclda  i 
kiugdom,  but  the  majority  o 
and  in  minute  quantJtic; 
consideration. 

lie.  Oxalic  Aoid,  C,0,nO .— Tliis  add  is  found  abundantly  in  many 
plaals  in  combination  with  potash  and  lime,  and  is  the  priodple  of  acidity  in 
tlie  leaves  of  the  sorrel  and  the  diubarb  (^te-jifattl).  It  is  also  a  constituent  in 
certain  minerals.  For  practical  purposes  it  is  prepared  artificially  by  digest- 
ing si^ar  with  strong  nitric  aci  J ;  thus,  when  thcaa  two  subataJices  are  gently 
heated  in  connection,  in  the  proportion  of  1  part  of  sugar  to  8  of  acid,  violent 
action  onsoca.  accompanied  with  a  disengagement  of  copious  fumes  of  nitrous 
add ;  and  the  solution  remaining  after  the  cessation  of  the  action,  furnishes, 
by  evaporation,  crystallized  oxalic  add.  Starch,  woody  fiber,  and  many  olher 
organic  substances,  treated  in  the  samo  manner,  yield  the  same  product. 

In  its  pure  stale,  oxalic  acid  is  a  crystalline  sohd,  not  imlike  Epsom  sails,  for 
which  it  is  not  unfrequently  mistaken.  It  possesses,  liowever,  an  intensely 
sour  lasts  (which  Epsom  s^ts  does  not),  is  freely  eduble  in  water,  and  when 
taken  internally,  is  highly  poisonous,  occasraning  death  in  a  few  hours.  Tho 
proper  anlidoto  for  it  is  tho  administration  of  chalk  or  magnesia,  suspended  in 

Oxalic  acid  is  extensively  employed  in  calico-printing,  and  to  some  extent 
by  straw  and  Leghorn  bonnet^makers,  for  tiie  purpose  of  deansing  their 
wares.  It  is  also  used  in  chemical  anal}'Sis  as  an  exceedingly  de1ical«  test 
fjr  the  presence  of  hme,  or  any  of  its  soluhle  compounds.  The  salts  framed 
by  oxalic  acid  aro  termed  omttrfsj.  Binosalate  of  potash,  which  is  often  ex- 
tracted fl^m  certain  species  of  sorrel,  is  sold  under  the  name  of  "salts  of  sor- 
rel," or  "essential  salts  of  lemons,"  for  tho  purpose  of  disoharpng  iron-rust,  or 
JHlc-Ekiins  t-ora  linen.     lU  use  fjr  Oils  purpose  depends  upon  the  fact,  that 
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osyd  of  iron  (the  basic  coloring  matter  of  ink)  ia  readily  soluble  in  ozalic  acid, 
and  tlierplbre  leaves  the  fiber  and  forms  an  oxalate  of  iron.  The  corrosive 
powers  of  the  auid  are  not  sulBcient  to  injure  the  libors  of  the  linen,  if  it  be 
speodQy  removed  by  washing'. 

7«.  T  a  r  t  a  r  i  c  Acid,  UW,  Oi„,  2  H  0 ,  in  combination  with  potash, 
esisla  in  many  fruila,  and  is  eapreially  the  acid  principle  of  grapea.  When 
the  exptoased  juice  of  the  ^rape  is  fermented,  aa  in  the  manufacture  of  wine, 
the  tartaric  acid,  ta  combination  with  polash,  ibrming  an  impure  tartrate  of 
potaali,  graduiUly  separates  trom  ttie  liquor,  and  dcposites  ilaelf  as  a,  crust 
upon  the  interior  of  Che  cask^  and  in  tiiia  condition  is  known  in  commerce  as 
argati,  or  crude  taring.  The  pure  acid  obtained  from  this  source  is  a  whilo, 
crystallized  solid,  freely  soluble  in  water,  and  of  an  agreeable,  acid  taala. 

Tartaric  acid  forms  with  potash  two  s.ilt3, — tlie  neutral  tartrate,  containing 
2  atoms  of  alk^i  to  1  of  acid,  2K0,  C^lIjOio ;  and  tho  add,  or  bi-tartrato,  in 
whicli  an  atim  of  potast  is  replaced  by  an  atom  irf  water,  thus,  KO,  HO,  Cs 
H4O11).  This  latter  sail  is  the  well-known  "  cream  of  tartar."  By  Eatwatins 
a  solution  of  craam  of  tartar  with  soda,  a  doable  tartrate  of  potash  and  soda 
is  formed,  which  is  extensively  used  in  medicine  as  a  mild  purgatirc,  under 
tlie  name  of  "  RochcUe  salts,"  or  "  powders."  Tartaric  acid,  meclianically 
mixed  with  bi-oarbonata  of  soda,  constitutes  tho  so-called  "  soda  powders,"  or 
the  ingredients  of  the  ordinary  ellervestang  drat^hts.  Tartaric  add  ia  chiefly 
employed  in  dyeing. 

148.  Citric  Acid  is  the  principal  aeid  whidi  imparls  sourness  to  the 
lemm,  orange,  and  the  cranberry;  but  also  e;iists  in  many  otlier  fruits,  as  tlie 
currant,  gooseberry,  etc  It  is  readily  obtamed  from  the  juice  of  t!ie  lime  and 
lemon  (dtron),  and  is  used  in  calico-printing,  in  medidue,  and  in  domestic 
economy,  as  a  flavoring  material.  Citric  add,  by  heating,  passes  into  ncoiiitie 
acid,  an  aeid  which  occurs  native  in  the  plant  called  "  monk's  liood." 

749.  Malic  Acid  was  flrat  obtained  ih>m  the  Juice,  of  the  apple  (lionce 
its  name  from  Uie  Latin  jjioJum,  an  apple).  It  is  tho  most  widely  diflused  of 
all  tho  vegetable  acids,  and  is  the  cause  ofaddity  in  most  unripe  fruits.  For 
practical  purposes  it  is  usually  obtained  from  the  berrioa  of  tlie  mountain-ash, 
tiiough  it  exists  aijimdantly  in  the  stalks  of  the  rhubarb,  m  the  poar,  tho 
cheiry,  tho  raspberry,  the  strawberry,  and  many  similar  fruits. 

760.  Tannic  Acid,  or  Tannin,  is  the  general  name  pven  to  various 
Bubstanoai  (probably  of  somewhat  different  oompositton),  which  are  exten- 
sively difflised  iu  plants,  and  which  are  characterised  by  a  well-known  puck- 
ering and  astringent  taste.  They  are  regarded  as  addft  wnce  they  possess  an 
acid  taste,  and  are  capable  of  uniting  with  bases  to  form  salts.  Tannic  acid 
exists  in  almost  all  vegetables,  in  the  bark  and  leaves  of  trees,  and  in  the 
seeds  of  thiila.     It  ia,  however,  most  abundant  in  tho  bcirk  of  the  oak  and  tlia 
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hsmlooli,  in  tlie  fruit  and  stoma  of  thn  sumach,  and  especially  in  nnt-galls, 
whion  are  excrescences  produced  upon  the  branches  and  leaves  of  certain  spe- 
cies ot  oak,  by  the  puncture  of  insects.  Qreca  and  black  teas  contain  from  B 
to  1 0  per  cent,  of  tannin,  whinli  imparts  to  thom  their  strong,  astringent  qual- 
ities. Taunic  a«d  is  freely  soluble  in  water,  and  is  readily  oblainod  in  solu- 
tion, by  digeatin^  the  portions  of  tlio  plant  containii^  it  in  water. 

Tal.  Le  a  I  b  e  r. — The  moat  remarkable  feature  of  tannic  add,  is  its  prop- 
erty of  uniting  and  forming  insoluble  compounds  with  albumen,  gluten,  gela- 
tin, and  with  thu  skin  and  tissues  of  animals  In  general  Such  compounds 
will  not  putrefy,  and  are  unchangeable  in  water.  This  principle  is  practically 
applied  in  the  tnanutketure  of  leather,  which  is  effected  by  steeping  tlie  skins 
of  animals,  which  consist  chiefly  of  gelatiu,  in  aqueous  infusiona  of  b^rka 
containii^  a  large  percent;^  of  tannic  acid.*  Some  varieties  of  skins  may 
be  tanned  in  a  few  days,  ot  even  hours;  but  for  the  production  of  the  besl 
qualities  of  leather,  they  are  allowed  to  remain  in  contact  with  the  tan  liquor 
from  9  to  15  months,  and  otlen  for  a  period  of  years. 

"152.  lalct . — When  a  solution  of  (antiia  is  brought  in  contact  with  salts 
of  the  sesquioxyd  of  iron,  it  yields  a  deep  bluish-black  precipitate — the  per- 
tannate  of  iron — which  is  estensively  employed  for  dyrang  fahriea  of  a  black 
or  brown  color,  and  ia  the  manufacture  of  inks.  Common  writing-ink  is 
fonned  by  adding  to  a  clear  infusion  of  nut-galls  a  solution  of  protosulpha,te  ot 
iroD  (copperas).  To  prevent  tlie  precipitate  from  settling,  and  for  thickening 
tlie  fluid,  a  mucil^^  of  gum-arabic  is  also  added.  Ink  thus  prepared  consists 
at  first  principally  of  the  tannate  of  the  protoxyd  of  iron,  and  is  too  pale  for 
use;  by  exposure  to  the  air,  however,  it  gradually  absorbs  oxygen,  and  is 
converted  into  the  tancate  of  the  sesquioxyd — the  liquid,  at  the  same  tunc, 
deepening  in  color,  and  finally  becoming  black.  Mouldinoss  in  ink  may  be 
d  by  the  addition  of  a  small  quantity  of  the  oil  of  cloves,  creosote,  or 
B  Bubliniate:  the  latter,  in  small  amount,  is  probably  more  efficient 
than  aU  the  others;  but  it  should  be  remembered  that  it  is  a  deadly  poison. 
I'aded  writings  can  be  restored  in  a  measure  by  washing  them  with  an  infu- 
sion of  galla.+  __^____^______ 


IG  per  centi  ot  tannin,  and  Ui>t  groon  In  the  Uniler 
f  Tbe  cause  of  the  broimtne  >nd  &dlng  of  nH 

Iran,  BOd  no  preparBaan  at  iron,  equBls  lllfl  comm 
peras)  for  iDk-mabng^  s.nd  the  addition  of  Any  per 

QuEsnosB. — What  ia  ita  moat  remjirtable  propeT 
ia  the  ri^aotion  of  tannkn  with  aeitqiilojEj^  of  irou  f 
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The  permanant  black  color  of  Hie  grain  siiie  of  tbe  leatlior  uarf  in  llie 
manu&cture  of  boota  and  shoes  is  also  a  lanniitc  of  iron,  produced  by  wash- 
ing the  leather  when  in  a  moist  state  with  a  solution  of  the  acetate  of  Ihe 
sesqui-osyd  of  iron. 

753.  Gallic  A  e  i  d  ,— Tliis  add  is  found  naturally  asaodaled  with  tan- 
nin in  TegGtable  tissues,  and  is  also  formed  from  tannic  acid  by  eiposing 
a  solution  of  the  latter  for  some  time  to  tbe  action  of  the  air.  It  products, 
like  tannin,  a  dark  predjritatfl  with  Iho  salts  of  tha  sesijni-0X3'd  of  iron,  but 
does  not  unite  with  gelatin  to  form  iusolubij  compounds,  and  is  conscquctilly 
or  no  value  for  the  raanuEietiira  of  leather.  When  added  to  the  salts  of 
ellvor,  gold,  and  platinum  in  solution,  it  occasions  a  precipitation  of  ihe  metal 
in  a  slate  of  minute  anbdivislon.  The  most  successful  conipouiids  lor  coltr- 
ing  the  hair  aro  founded  upon  this  prinidple— Iho  hair  being  wet  in  the  first 
instance  with  a  solution  of  gallic  acid,  and  alterivard  with  a,  ^lution  of  a 
salt  of  silver  in  ammonia.  The  reduced  melal  imparts  to  the  hair  a  fine 
black  o(  brown  color,  which  is  extremely  permanent. 

In  addition  to  the  substances  mentioned  which  afford  tannin,  there  are 
several  others  which  aflbrd  it  and  constitute  important  articles  of  commeroo. 
Among  them  may  bo  mentioned  the  following:  catechu,  eutoh,  and  terra  japon- 
ica  are  Ihe  dried  aqueous  extracts  of  a  species  of  acacia  growing  in  India ;  kino 
is  a  product  of  like  character ;  divi-divi  is  tlio  pod  of  a  leguminous  shrub, 
a  native  of  South  America.  These  substances  will  be  found  mentioned  in 
almost  eveiy  commercial  price  current  The  best  gall  nuts  aro  exported  Qxim 
Asia  Minor. 

In  addition  to  the  acids  which  aro  secreted  by  living  vegetable  tissues,  a 
great  number  have  been  also  recogniied  by  chemists  which  do  not  exist  natu- 
rally in  plants,  but  are  the  result  of  vegetable  decompositions  taking  place 
either  under  natural  or  artificial  conditions.  The  acids  included  in  tlie  sub- 
Blanea  called  humus,  and  many  of  the  products  resulting  from  the  action  of 
mineral  acids  upon  the  constituents  of  coal-tar,  are  osamples  of  this  nature. 

Iron,  or  of  logwood,  Impairs  the  durabililv  of  (hoink.  EiperimontB  rcccnlly  detnllea  to  Iha 
Scotlish  Society  of  Arts,  show  tJist  the  qunlily  and  durahllity  of  ink  tsgwatlylncrEBBed, 
boBever.  by  Ilie  addition  to  it  of  s  smull  qiiantily  of  sulpbsCo  of  Indigo,  and  Ihe  follawlni; 
rcKdpt  wan  glwn  bs  aflbrdinBan  Ink  that  was  Buperfor  to  nil  others  for  writing  pur- 
poses ;  18  ounces  powdered  nnl  galls,  8  oiincBB  anlpbalo  of  indigo,  S  ounces  of  copperae,  a 
tew  cloves,  and  4  M  6  ouncis  of  gum  arabic  per  gallon  of  ink.    Documents  written  with 


of  their  taimia  f     WhaB  otber  acid  compounds  are  considered  in  this  cuonectiDQ  f 
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OBGANIC     ALKALIES. 

754  The  terms  orgaaic  aUcalks,  vegetable  alkaloids,  and  organic  bases,  org 
applied  U>  a  peculiiir  class  of  organic  sabstancea  wliicli  resemble  in  certain 
of  Lheir  properties  the  alkalies  of  iDorgaaic  elicmistiy ;  that  is  to  say,  tliey 
HDutralize  acids,  unite  wiUl  them  1«  form  salts,  and  in  most  instances,  when 
in  solution,  restore  tiie  blue  colnr  of  reddened  litmus.  Thej  all  contmn  nitro- 
gjQ  as  an  essential  constituent,  snd  are  esceedingly  complex  in  their  consti- 
tution. Thoy  are  sparingly  soluble  in  water,  but  dissolve  Ireely  in  hot  alco- 
hol, from  which  they  often  crysfcilliza  on  cooling  in  a  very  beautifu!  manner. 
The  tasb?  of  thoao  suhstancea  in  solution  is  Usually  intensely  bitter,  and  the 
majority  of  them  are  active  and  virulent  poisons;  when  given,  however, 
in  sm^U  doses,  they  rahk  among  the  most  powerful  medidnes. 

Of  the  oi^anic  alkaloids,  about  one  hundred  are  now  known  to  exist  In 
plants  as  natural  products,  always  in  combination  with  vegetable  acid.1.  They 
were  formerly  supposed  to  be  escluaively  the  result  of  vegetable  oi^niza- 
tion,  but  within  a  comparatively  few  years  some  seventy  or  eighty  compounds 
of  a  similar  character  liave  been  artificially  prepared  from  organic  products  by 
ohomista.  These  last  are  termed  the  arUfidtd  orqaiiie  al/colaids,  and  do  not 
occur  in  nature.     Tha  truo  vegetable  bases  have  not  jet  been  artificially  iml- 

Most  of  the  vegetable  alkaloids  are  prepared  by  boiling  tlio  vegetable  mat- 
ter containing  them  in  water  acidulated  with  bydroctilorie  acid,  when  tho 
alkaloid  unites  with  the  acid  to  form  a  soluble  salt^  and  cntera  into  solution. 
From  this  it  ia  precipitated  in  a  separate  state  by  tho  addition  to  the  liquid 
of  a  stronger  base— i.  e.,  lime,  potash,  ammonia,  etc  The  plants  which  by 
treatment  funiiah  alkaloids,  are  generally  characterized  by  possessing  poison- 
ous or  active  medicinal  qualities,  which  in  turn  are  supposed  to  be  due  to 
the  alkaloids  contained  in  them.  Tho  following  are  some  of  the  most  impor' 
tant  of  the  alkaloids  estracled  from  vegetable  products. 

755.  Morphia . — Morphine. — Tliis  alkalmd  is  the  chief  active  principle 
of  opium,  which  is  the  dried  juice  of  certain  species  of  the  poppy.  It  exists 
in  opium  in  combination  with  meconio  acid,  and  the  best  qualities  of  opium 
contain  about  ten  per  ceni  of  it.  It  crystallizes  in  small,  colorless  prisms,  is 
devoid  of  smell,  and  posaeases  a  bitter,  unpleasant  taste.    It  is  powerfully  nar- 


h  them?    What  Is  morpbiat    Whul  ia 
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for  a  grown  man  is  one  eighth  of  a  grain  ;  and  in  the  stale  of  acetate  or  muriate  of 
morphia  (in  which  condition  it  is  generaJl/  used  in  medicine)  one  tburtli  of  a 
graio.  It  ia  a  singular  circumstance  that  this  substance,  wliich  is  so  poison- 
ous to  mEin,  has  comparatively  little  effect  upon  animals,  evoo  when  adminis- 
tered in  iai^e  doses.  The  composition  of  morpliia  is  represented  by  tho  formula, 
Cs,HmN0,  +  2H0. 

Opium  also  contains,  in.  addition  to  morphia,  eight  other  alkaloids,  the  prin- 
cipal of  which  are  termed  narcotine,  meconine,  and  Ihebaitie.  They  are  all  nar- 
coUca  and  poisons,  and  exist  to  some  extent  in  laudanum,  wiiich  is  an  alco- 
liolio  extract  of  the  active  principles  of  opium. 

156.  Tho  dried  jui(«  of  tlie  common  lettuce  plant  has  considerable  resem- 
blance ta  opium,  and  contains  an  active  principle  (supposed  to  be  an  alkaloid^ 
called  laciiicin.  It  ia  this  substance  whicii  gives  to  lettuce,  when  freely  eaten 
aa  a  salad,  its  narcotic  properties. 

757.  Q  a  i  a  i  n  e  and  C  i  n  e  h  e  n  i  n  e  are  the  alkaloids  which  impart  to 
Peruvian  bark  its  medicinal  virtues.  Quinioe  is  a  white,  crystallized  sub- 
stance, of  an  intensely  bitter  taste.  It  is  one  of  the  most  valuable  and  reliable 
of  medicinal  ^ents,  and  is  generally  administered  in  the  form  of  a  sulphate. 

75S.  Strychnia  and  B  r  u  c  i  a  are  extracted  from  a  variety  of  plania 
belonging  to  Ibo  genus  stryehnos,  and  especially  from  tho  berries  (tmx  vomica) 
of  a  small  tree  of  this  genus  growing  in  India  These  alkaloids  are  remarkable 
for  being  tbe  most  powerful  of  all  vegetable  poisons — a  single  grain  of  the 
former  being  afataldoaefor  an  adult  man;  white  a  sixtliofagram  has  proved 
&tal  to  a  dog  in  thhrty  seconds.  Its  influence  seems  to  be  exerted  pnncipally 
upon  the  nm-vea  and  spinal  marrow,  producing  violent  spasms,  which  increaso 
in  frequency  and  acverit;  until  death.  Tlie  celebrated  tBooraTa  with  which 
tlie  natiifea  of  Guiana,  S.  A.,  poison  tho  tips  of  their  arrows,  and  tho  poison 
of  the  celebrated  Upas  tree  of  the  island  of  Java,  are  varieties  of  strychniaa. 

Pure  strychnia  crystallizes  in  small,  but  exceedingly  brilliant,  coloriesa 
crystals,  and  is  slightly  solublo  in  water.  It  possesses  tho  property  of  bitter- 
ness in  a  more  marked  degree,  probably,  than  any  other  substance,  and  ita 
taste  can  be  distinctly  recognised  when  dissolved  in  600,000  times  its  weight 
of  water.  Vegetable  matters  containing  this  alkaloid  are  sometimea  emptojed 
for  imparling  bitterness  to  beer,  but  their  use  should  be  considered  criminaL 

769.  Among  tho  other  important  alkaloids  may  be  mentioned  Nicotine,  tho 
poisonous  principle  of  toljacco ;  AcoaiHae,  or  Aconite,  extracted  from  the  plant 
"monk's  hood;"  Cbniciiw,  prepared  fbom  hemlock;  VeraW?ie,  ttoro  the  plant 
hellebore;  Hyoscyamiae,  from  henbane;  and  Solaniiie,  from  several  specie's 
of  the  genus  solanum,  and  from  tlie  white  sprouts  of  tlie  potato.  All  these 
are  most  virulent  poisons,  only  inferior  in  their  action  to  strychnia  and  brucia. 

QUBBTIOBS.— Wh»(  is  Its  compoaltlon?  Whil  Is  iBiidunnm  •  Is  therB  mi  scliv :  prin- 
ciple [n  the  lettuce  plantf  Whut  sre  quinine  and  ^nchoniiie?  From  «hit  eoureea  sra 
Blrychnln  and  1>TUCla  obt^ncd  f  For  what  are  tliese  alkaloids  roniArkabli'f  What  iti  Eaid 
of  the  polflonoua  influence  of  Btrycbnia?    What  are  vurieUea  of  this  poiBoaf    Wbat  are 
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Among  tha  alkaloids  leas  injurious  in  (heir  action  on  the  animal  economy,  ara 
Emetine,  the  medicinal  agect  of  ipecac  (ipecacuanha);  Fiperine,  eslracWid 
from  ordinary  black  pepper;  aod  Cafeiite,  or  Titeine,  the  enlivening  principle 
in  coffee  and  lea. 

The  orjjanic  allialoids  are,  almost  without  exception,  precipitated  from  Iteir 
solutions,  by  tannic  acid,  in  the  form  oC  insoluble  taunalea,  and  consequently 
the  most  eCSdeat  remedies  in  cases  of  poisoning  by  them,  are  liquids  coutain- 
ing  tannic  acid,  such  aa  decoelioo  of  oak-bark,  tiuctura  of  gall-nuts,  ooncea- 
tral«d  infusion  of  greeu  tea,  etc.,  etc. 

The  detection  of  tbeir  presence  in  the  animal  oi^anism,  in  caacs  of  death  liy 
poisoning,  is  extremely  difficult,  strychnia  excepted,  and  the  testimony  of  the 
most  experienced  chemists  ought  only  to  be  relied  on  in  such  cases.* 

160.  Vege  table  E  x  t  r  a  c  t  n .— This  name  is  applied  to  averytai^ 
class  of  substances  extracted  from  pbnts,  which  do  not  possess  suffidently 
marked  features,  in  a  chemical  point  of  view,  to  allow  of  their  inoorporalion 
with  any  of  the  more  well-defined  groups  of  oT^anic  compounds.  Some  of 
them,  however,  possess  active  and  medicinal  properties,  as,  for  example,  the 
intensely  bitter  principle  of  wormwood,  aloes,  etc.,  the  pui^ative  principle  of 
tho  root  of  the  rhubarb,  and  the  aromatic  hitler  of  the  hop,  sweet-Hag,  etc. 
They  have  for  the  most  part  a  hitter  taste,  ttnd  otlen  occur  urystalli:tcd ;  ajid 
are  generally  regarded  as  mixtures  of  various  regetable  products. 


CHAPTER   XXII. 

ORGANIC  COLORING  rRINOIPLES, 
161.  The  organic  coloring  matters,  with  the  exception  of  tho  red  dye  ob- 
tained from  cochineal,  are  alt  of  vegetable  origin.  Tiieydonot,  asaclaa^  possess 
many  chemical  characters  in  common,  and  aro  conadered  under  one  general 
Lead,  by  reason  of  their  common  industrial  appUcatioriB.  Many  of  the  most 
valuable  vegetable  coloring  ageuls  do  not  exist  naturally  in  plants,  but  aro 
formed  by  subjecting  certjiin  vegetable  products  to  spsciflc  diomioal  troat- 
lueot.  The  most  brilliant  and  splendid  of  the  v^etablo  colors,  as  those  of 
(lowers,  for  example,  are  exceedingly  evanescent,  and  are  generally  destroyed 
by  any  trealment  employed  to  extract  them ;  they  also  esist  m  the  vegetablo 
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tissue,  ill  very  mmate  quantitios.  Coloring  matters  exlraoteii  fram  tliosa  parts 
of  the  plant  which  are  removed  fram  tlie  immeJiate  influence  ol'  tlio  li^lit,  as 
the  wood,  barlt,  otc,  are  muoli  niOTO  parmaQeiit,  but  leaa  biilliaiit 

J  6a.  The  art  of  dyeing  eonasts  in  impregnating  cloths  and  other  testarcs 
with  coloriag  aubstanoes,  in  such  a  maimer  that  the  acquired  colors  may  r&- 
main  permanent  under  the  common  ospoacire  to  which  Iho  articles  may  bo 
liable.  This  ia  effected  by  prododng  a  chemical  union  bet*eeji  the  materials 
to  be  dyed  and  the  coloring  matter.  DiSeront  fibrous  matorials  present  very 
different  attractbna  EJr  dye-sCuI&,  and  absorb  coloring  matter  in  very  differ- 
ent proporaona:  woo  pears  o  the  greatest  attraction;  silk  cornea 
next  to  it ;  then  co  lo  d,  st  fix  and  Iiomp.  While  tlie  former,  tliere- 
fore,  are  dyed  with  Hi  ',  tho  latter  cau  only  be  made  to  per- 
manently eombme  w  h  co  mces,  tlirough  the  agency  of  indirect 
and  complicated  proc  '^ses, 

T63.  All  coloring      ja      oe  dyeing  are  divided  into  two  classes, 

viz.,s^lanUveandadKi     cok  A  substantive  color  is  one  that  imparts  its 

tint  directly  to  the  substance  to  be  dyed,  without  the  intorvendon  of  a  third 
Eubslanca.  An  adjactiro  color,  on  the  contrary,  is  one  tliat  requires  tho  inter- 
vention of  a  third  substance,  timt  possesses  a  joint  attraction  for  the  coloring 
principle  and  rcw  the  substance  to  be  dyed. 

Most  of  tho  substances  used  in  d}^iiig  belong  to  the  adjective  colors ;  and 
if  we  except  indigo,  there  is  scawely  a  dye-stuff  in  extenavo  use  that  imparts 
its  own  color  directly ;  and  by  far  the  grcalBr  number  of  dyes  have  so  weaJc 
an  affinity  for  cotton  fabrics,  that  alone  (hey  communicate  no  color  suSicienlly 
permanent  to  deserve  the  name  of  a  dye. 

The  intermediate  third  substance  which  is  used  to  effect  a  union  between 
the  dye  and  tha  c!ot!i,  is  called  a  raoriJant,  from  the  Latin  word  inardeo,  to 
bite,  from  an  idea  the  old  dyers  bad  that  these  substances  bit  or  opened  a 
pass^e  into  the  fibers  of  the  cloth,  and  allowed  the  color  t«  penetrate.  Tlio 
action  of  a  mordant  may  bo  illustrated  by  the  method  of  procedure  followed 
in  dyeing  cottons  black,  by  an  extract  of  logwood.  An  aqueous  solution  of 
logwood  is  very  deeply  colored,  but  imparts  no  permanent  dye  to  cotton.  I^ 
however,  the  cotton  be  previously  impregnated  witli  a  salt  of  oxyd  of  iron  (as 
copperas),  and  then  dipped  into  the  extract  of  logwood,  tlio  coloring  principle 
of  the  latter,  by  reason  of  itj  great  afQuity  for  oxyd  of  iron,  unites  with  it,  and 
the  two  are  precipitated  upon  the  fibers  of  the  doth  in  the  formofablaclc  pre- 
cipitate or  dye.  A  dye  thus  eflect«d  is  usually  a  Jasi  color,  since  it  is 
formed  in  and  incorporated  with  the  wliole  structure  of  the  Hher  itself  and  is 
not  merely  upon  its  surface  ;  so  that  the  color  will  only  disappear  when  the 
texture  and  fiber  of  tho  cloth  are  destroyed.    The  use  of  mordants,  further- 

QnPBTioss.— In  wlut  dor^a  the  nrt  of  drolng  coiiEistt  Wliat  flbroiw  nubrtances  have  tha 

Whnt  arc  BuDslaDtiTe  cnlnrs?  Wbat  arc  adjective  colurB?  To  whieh  clflaa  do  tba  flyoB  ia 
ordiuar^ use  gi^aerallr  belong;    What  is  tliederivitionof  the  word  mordant;    Eiplain 
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more,  addj  greatly  to  tho  resources  of  the  dyer ;  because  a  single  colOTing 
aubstanoe  will  impart  very  differeut  colora  with  different  moriJauta :  thus,  an 
extract  of  logwood  will  dye  with  iron,  black  ;  with  a  solution  of  tin,  violet; 
and  witli  otlior  mordiints,  all  the  shades  of  color  included  between  a  yellowisli- 
whUe  and  a  violet,  a  lavender  and  a  purple,  or  a  slite-brown  and  a  black, 

164  Gulieo-Prinling , — Tbo  general  process  of  calico-prioting  is  as 
follows:  Tho  cloth  ia  first  prepared,  by  bleaching  and  other  treatment,  to  re- 
ceive the  colors.  The  pattern  is  then  stamped  or  printed  upon  it  from  plates 
or  rollers,  which  have  been  previously  covered  with  different  mordants,  m  tlio 
s^me  way  that  ink  ia  applied  to  typea.  The  cloth  ia  then  passed  through  a 
solution  of  dye,  whea  those  pOTts  wliich  have  been  printed  with  the  mordant 
seize  upon  and  retain  the  colors.  The  cloth  is  afterward  washed,  when  all 
the  color  not  combined  with  mordant  disappeare  Bom  its  aurlaee,  and  the  pat- 
tern impressed  is  brought  out  witli  distinctness. 

1C5.  The  most  important  coloring  matters  used  in  dyeing  are  as  follows; — 

Red  and  Violet  Coloring  Svhstaneei'. —  ifadder  is  tho 
ground-up  root  of  the  plant  mbia  tinclorim.  Its  moat  beautiful  cobring  con- 
stituent {madder  red,  Turkey  red),  called  garaii^ine,  ia  not  a  natural  produce, 
but  results  from  auhjccting  the  root  to  tho  action  of  BUlphnric  acid.  The  ac- 
tion of  tlie  add  in  this  instance  ia  often  cited  as  an  example  of  catalysis,  as  it 
does  not  enter  into  combination  with  the  coloring  principle  of  the  root,  but 
effects  a  change  in  it,  apparently  by  its  mere  presence. 

Madder  is  used  to  a  greater  extent  in  dyeing  and  printing  cottons  than  any 
other  Bul)stance,  and  with  different  mordants  it  furniahes  very  bright  and 
durable  rods,  yellows,  violets,  and  hrowna.  Tho  other  important  coloring 
substances  of  this  oloaa  are  "Brazilwood,"  "aafilower"  (the  llowera  of  the  rod 
Bifflxin),  sandal-wood  ("  red-aanders"),  and  cochineal  The  last  ia  a  dried 
insect,  tho  cocas  cadi,  whioli  lives  upon  several  species  of  cactus,  pecuUaJ"  to 
warm  latitudos,  and  espedally  to  Central  America.  It  yields  the  most  bril- 
liant scarlet  and  purple  colors. 

166.  Blue  Dyea,  Indigo. — The  most  important  of  the  blue  dyes  ia 
Jadigo,  which  ia  obtdned  from  several  species  of  American  and  Aaiatic  plants, 
partieulariy  from  tliose  belonpng  to  tho  genua  indigo/era.  The  juice  of  theso 
J  lants  is  coloriess,  but  when  their  leaves  are  digested  in  water,  and  allowed 
to  ferment,  a  yellow  coloring  substance  is  dissolved  out,  wliich,  bf  exposure 
to  the  air,  gradually  becomes  blue,  and  is  dopoaited  from  the  solution  in  tlio 
form  of  a  thick  sediment.     This  washed  and  dried,  constitutes  the  indigo  of 


Commercial  indigo  is  &r  from  pure,  and  in  addition  to  the  bluo  coloring 
matter,  or  pure  indigo,  it  eontaina  at  least  one  half  its  weight  of  foreign  aub- 
Etances.    Pure  indigo  ia  quite  insoluble  in  every  liquid,  with  tlie  exception  of 
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fammg  anlpharic  add  (Nordhausen),  with  which,  it  forma  a  compound  quite 
Boluble  hi  water,  called  svlphindigoiic  acid.  When  indigo  is  brought  in  con- 
tact with  water  and  dooxydizing  agenta,  it  becomes  cooverled  inio  a  soluble 
and  colorless  substance,  known  as  mdigo  luhiic,  whidi,  b}-  exposure  to  the  air, 
ag!un  absorbs  oxygen,  and  resumes  ila  blue  color.  Tliis  cireumalanee  is  taken 
advantage  of  in  dyeing;  thus,  the  indigo  is  mixed,  in  a  state  of  fine  powder, 
witJi  hydrate  of  lime  and  copperas,  and  tho  whole  digested  in  water,  tinder 
these  circumstances,  the  hydrated  protoxyd  of  iron,  resulting  ftom  the  action 
of  tlia  lime,  abstracts  oxygen  from  the  indigo,  and  reduces  it  to  a  stale  of  a 
yellow  liquid  (wliiio  indigo).  Cloths  steeped  in  this  liquid,  and  exposed  to  tho 
air,  readily  acquire  a  deep  and  permanent  blue  tint,  by  the  formation  of  tho 
blue,  insoluble  indigo  in  the  substance  cf  the  fibers,  and  it  is  in  this  way  tliat 
tliB  fine  indigo-bluo  colors  are  produced.  What  is  called  Saxon  blue,  a  brighter 
color  than  ordmaiy  indigo,  is  imparled  by  boiling  the  labrioa  m  Bulphindigotic 
aoid.  Amoi^  other  prominent  blue  dyes,  may  be  mentioned  lilmm,  which  is 
olitained  thim  soveral  species  of  lichens,  by  treatment  with  ammonia — tlio 
plants  themselves  being  destitute  of  color.  Areliil  and  cudbear  are  BUhstancea 
nllioil  to  litmus. 

7G7.  Yellow  Coloring  Subslanc  es.— Tho  most  valuaUe  dye- 
Btufis  of  this  class  are  fiistic,  the  rasped  wood  of  a  West  Indian  tree  ;  querci- 
tron, obtained  from  tlie  bark  of  tho  American  black  oak  ;  the  berries  of  the 
huclttliocn ;  annottfl,  prepared  from  tlio  pulp  of  ccrtam  South  American 
seeds ;  and  tumeric,  tha  root  of  an  East  Indian  plant. 

HS.  C  li  1 0  r  0  p  h  y  1  c  ia  the  uamo  g.ven  to  tho  green  coloring  matter  of 
the  leaves  and  stems  of  plants.  It  exists  in  lliem  in  very  small  quantity,  and 
is  extracted  with  difficulty  in  a  state  ot  purity.  It  appears  to  bo  united  in 
the  vegetable  tissue  with  a  substance  resembling  wax,  and  is  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether;  lieneo  all  tinctures  in  pharmacy, 
prepared  from  the  Jreah  stalks  and  leaves  of  plantoi,  possess  a  green  colcr. 
Chlorophyle  appears  only  in  those  parts  of  plants  which  arc  exposed  to  the 
action  oflight;  hence  this  agent  is  supposed  to  exercise  an  important  and 
direct  influence  on  its  formation.  Plants  grown  in  the  dark  are  nearly  des- 
titute of  color,  but  when  removed  into  the  sunlight  become  rapidly  green. 
The  red  and  yellow  colors  which  leaves  assume  in  autumn,  are  supposed  to 
be  due  to  tho  decompodtion  and  oxydation  of  the  chlorophyle,  and  tho  for- 
mation of  an  Bind  compound;  but  the  information  wo  possess  on  tliis  subject 
is  very  limited. 

Most  of  the  greens  used  in  dyeing  ate  of  a  mioetal  cri^o,  i.  e.,  tho  sails 
of  chromium  and  of  copper. 

So  genuine  black  substantive  color  has  ever  been  obtwned  from  plants. 


QoxBTinxB.— What  t"  said  of  the  Bolnl 

lilityofW^f    W 

■tatl»lnaig»«hlt6?    no- la 

m  blue"  imparted' 

used?    EnniiicratjjEoiiioofthBprind|>iil 

rcl1o-aje-"tnf6*? 

!S!!Brora»UanF 

ereeomiBdlndjsIiief 
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OILSj      FATS,     AND     RESINS. 

169.  Conneclion  between  Oils  and  Fats.— The  oils  bdiI 
tlio  fats,  whetlior  of  animal  or  vegetable  origin,  are  regarded  as  boloi^ing  to 
tlic  Rame  general  class  of  organic  substaceea ;  and  with  tlio  exception  of  tlie 
vola^le  wis,  tliey  are  all  closely  allied  to  each  oHier  in  their  dietnieal  propertiea, 
and  are  composed  of  the  same  elements,  viz.,  carbon,  bydrogeo,  and  oxygen, 
united  in  various  prcportiona  As  a  class,  tljcy  are  all,  however,  chaiacter- 
iatically  poor  in  oxygen,  but  rich  in  bj-dtugen,  and  eome  few  of  ihe  volatile 
oils  contain  no  o.tj^n.  Tlie  distinction  between  a  M  und  an  oil  is  founded 
morel/  upon  the  circumstance,  that  the  former  ia  solid  at  ordinary  temper- 
atures, wbile  tlie  latter  continvies  more  or  loss  li(^uid;  an  oiL  therefore,  may 
be  called  a  liquid  I'at^  or  a  Jat  a  solid  oil. 

The  Eits  and  the  oils  are  all  highly  eombuEtible,  and  burn  with  a  brilliant 
ilame;  they  are  insoluble  in  wal^r;  but  dissolve  with  more  or  less  readi- 
ness in  alcoliol  or  ether,  and  when  brought  in  contact  with  paper  leavo  a 
greasy  mark,  and  render  the  paper  translucent.  The  oily  aubstanccs  secreted 
by  plants,  are  principally  accumulated  in  the  seeds  and  coverings  of  the  fruit, 
although  no  portion  of  the  plant  is  entirely  destitute  of  them.  The  prapa> 
tion  existing  in  some  seeds  is  very  considerable.  Tlius  flax-seed  contains 
about  20  percent  of  oil,  Indian  com  9  per  cent.,  rape-seed  30  to  40  per  cent., 
while  tlio  seed  or  bean  which  furnishes  castor  oil  contains  as  much  as  60  per 

TTO.  Division  of  tlie  0  i  I  a  .—All  oily  substances  are  divided  into 
two  classes,  viz.,  the  fixed  and  volatile  oils ;  the  former  when  exposed  to  tlie 
air  do  not  diminish  in  bulk,  wliile  the  latter  under  the  same  circumstanees, 
readily  evaporate. 

711.  Volatile  Oils. — The  volatile  oils  do  not  posscFs  the  greasy 
fuel  of  the  &t  oils,  and  are  almost  always  characterised  by  a  strong  aromatic 
odor,  and  a  pungent  burning  taste.  Many  of  them,  also,  are  higlily  poiaonou'!. 
With  alcohol  they  form  solutions  caDed  "  e»seneea,"and  from  this  circumstance 
tlie  oils  themselves  are  very  frequently  termed  "  essential,"  They  also  dis- 
solve in  ether  and  acetic  acid,  and  mix  in  every  proportion  with  the  fixed  or 
fat  oils.  Thoy  do  not,  however,  like  the  fat  oils,  form  soaps,  but  ivhea  ex- 
posed to  the  air  they  are  frequently  changed  by  tlie  absorption  of  oxygen, 
and  converted  into  resins. 

Tlieso  oils  {with  the   exception  of  a  (few  which  have  been  formed  ar- 

QnfSTioNB.— What  in  aaid  of  the  claea  o(  ottB  niid  fats?    IVIint  of  Ihcir  eomposlMoii  f 

What  Issaia  of  the  aiBtribution  of  the  rceftaWe  oHs?    Into  whit  two  PlasMS  arc  Dlly 
BobalanceB  divMrif    What  are  the  fharnrtprlBaoi  of  tlio  TollUle  oils?    What  8J8  e8. 
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118013117)  are  almost  excluavoly  the  products  of  tho  vegetable  kingdom,  and  are 
geaeraily  obtained  by  distilling  the  plant  with  malflr ;  in  some  instaneea,  how- 
ever, they  are  extrattsd  from  Ihe  cellular  tissue  containing  them  by  prassure, 
as  in  fresh  orange  or  lemon  peel.  The  boiling  poinla  of  ^most  all  these  oils 
are  above  that  rf  water,  but  their  vapors  are  carried  over  meehanieallj  in 
distillation  by  steam  at  212'  F^  and  condense  with  it  in  the  receiver.  In 
this  way  are  obtained  tlia  oils  of  roses,  orango  flowers,  lemooa,  lavender,  win- 
ter-green, peppermint,  and  many  others  which  in  smell  ard  laste  more  or 
less  resemble  the  fresh  plants  from  which  they  are  derived.  The  greater 
portion  of  the  oil  floats  upon  the  surface  of  tho  water  which  distils  over  willi 
it,  but  the  latter  usuaUy  retains  a  small  quantity  of  the  oil  in  solution,  and 
tlius  ceqiiires  its  peculiar  taste  and  odor.  Waters  thus  impregnated  are 
termed  "medicated,"  or  "perfumed  wattra;"  rose-water,  lavender-water, 
peppermint-water,  etc,  being  examples  of  this  character. 

The  various  perfumes  and  odors  which  plants  emit,  are  believed  to  be 
DKunly  due  to  the  presence  of  some  one  or  more  of  the  volatile  oils  in  their 
structure,  which  gradually  evaporate,  and  diffuse  themselves  in  the  atmoa- 
pliere.  The  quantity  of  oil,  however,  yielded  by  some  plants  which  possess  a 
marked  odor,  is  exceedingly  small — a  thousand  (Vesh  roses,  for  example,  af- 
fording by  distillation  less  than  two  grains  of  oil  (uttar  of  roses).  In  some 
flowers,  as  the  jasmin,  tho  violet,  and  the  tuber  rose,  tho  oil  which  hnparts 
fragrance  is,  moreover,  so  evanescent  and  delicate,  that  it  is  destroyed  by 
any  process  of  distillation,  and  in  such  cases  the  perfume  is  olibuced  by  ar- 
rangmg  the  flowers  in  layers  between  cotton  imbued  with  some  fixed  oil ; 
which  latter  gradually  absorbs  the  volatile  oil  or  perfume  of  the  fiowcr,  and  in 
turn  imparts  it  to  alcohol — thus  forming  an  odoriferous  essence.  Fatty  bodies 
pcrfhnied  in  this  way  have  received  the  name  of  pomatums. 

The  vota^le  oils  do  not  appear  to  be  uniformly  diffused  throughout  tho 
whole  phmt  In  the  mint  and  thyme  they  reside  principally  in  the  loaves  and 
stems ;  in  the  sandal  and  cedar  trees  they  are  in  the  wood ;  in  the  rose,  vio- 
Ictj  etc.,  in  the  leaves  of  tho  flower  ;  in  the  vaniUa,  anise,  and  carraway,  they 
aro  in  the  seed  ;  and  in  the  ginger  and  siissafras  in  the  root  Different  parts 
of  the  same  plant  not  unfh;qucntly  furnish  dififerent  oils ;  thus,  the  flowers 
of  the  orai^e-troo  furnish  one  kind,  tbo  leaves  another,  and  tho  rind  of  the 
fruit  a,  third. 

772.  Composition  of  the  Volatile  Oils.— Tlio  volatile  oils 
dillfer  materially  from  each  other  both  in  their  composition  and  chemical  re- 
actions, and  are  conveniently  divided  into  three  classes,  viz.,  tlioso  composed 
of  carbon  and  hj'drogen  only;  those  composed  of  carbon,  hydrogen,  and  oxy- 
gen; and  those  which  contain  in  addition  sulphur  and  nitrogen.  Most  of 
them  contain  at  loast  two  proximate  principles,  one  of  whieli,  termed  stearop- 
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feiM,  ia  less  fiiaible  tlian  the  otlier,  and  may  be  soparaled  by  cold  in  Uie  rorm 
of  a,  camphor-like  substance.  Tha  more  liquid  constituent,  termed  etaw^fene, 
on  the  contrary,  may  be  olton  obtamed  in  a  ae£iarato  condition  by  distilla- 
tion at  a  low  temperature. 

113.  Oils  composed  of  Carbon  and  Hyd  r oge  n.— This 
class  embraces  a  large  number  of  tho  odoriferous  esaencea  of  plants,  and  fur- 
nishes some  of  the  most  remarkabls  examples  of  isomeric  bodies  known  in 
chemistry.  Thus,  tbe  oils  of  turpentine,  lemons,  oranges,  juniper,  copaiba, 
citron,  black  pepper,  and  many  others  which  possess  entirely  different  prop- 
ortiea,  contain  exactly  tlie  same  constitucTits,  united  in  exactly  tbe  sama 
proportions — 100  parts  of  each  by  weight  containing  83'24  of  carbon  and 
H-T6  of  oxj^n,  Tlieae  proportions  are  expressed  by  the  formula  <?Ht,  or 
by  some  multiple  of  it,  as  2(0jH4).  Ia  addition  to  their  identity  in  chemical 
composition,  these  substances  also  agree  as  regards  their  density  and  boiling 
points.  Tbe  Eict,  however,  that  the  internal  arrangement  of  their  molecules 
or  particles  is  different,  is  strikingly  shown  by  their  diverse  influence  on  a  ray 
of  polarized  light,  some  of  them  causing  it  to  divci^  to  tlio  right,  some  to 
the  left,  while  others  transmit  it  unaltered,  or  directly. 

114.  Oil  or  Spirits  of  TurpcDtine .—This  substance,  which 
may  bo  n^arded  a^  the  type  or  roprosontative  of  tho  Tolatile  oils  containing 
only  earlrau  and  liydrogen,  is  obtained  by  distilling  with  water  the  semi-fluid 
sap  or  pitch  called  in  commerce  crude  turpentine,  which  exudes  from  iodsions 
made  in  the  wood  of  various  species  of  pine.  Tlie  product  left  after  distil- 
lation is  a  resinous  soUd,  which  is  popularly  termed  rasia. 

Oil  of  tut^ffintino  is  a  thin,  colorless  liquid,  which  is  highly  inflammable, 
and  posaeases  a  well-known  and  powerful  odor.  It  has  a  specific  gravity  of 
86,  and  boils  at  312"  F.  It  is  nearly  insoluble  in  water,  but  dissolves  freely 
in  alcohol  or  ether. 

Camphene,  whidi  is  extensively  used  in  lamps  as  a  substitute  for  oil,  ia 
spirits  of  turpentine  purified  by  repeated  distillations.  Burning  fimd  ia  a  so- 
lution of  rectified  turpentine  or  camphene  in  alcohol — tlie  tendency  of  tlie 
turpentine  to  amoko  being  diminished  by  the  addition  of  alcohol. 

Camphene  and  burning  fluid,  although  highly  infiammable,  are  not  in  thom- 
aelves  exploavo ;  a  mixture,  Iiowever,  of  the  vapor  of  these  liquids  with  af- 
moepherie  air  is  highly  osplomvo,  and  igniting  at  a  distance  at  the  approach 
of  tiie  sl^ht^at  spai'k  or  fl^me,  is  apt  to  communicate  fire  to  the  Uquids  them- 
selves. Burning  fluid  being  mui^  more  volalilo  than  camphene,  is  much  mors 
dai^erous,  and  its  use  aa  an  illummating  material  should  be  discountenanced 
and  forbidden.  The  explosive  character  of  the  mixture  of  its  vapor  and  air 
may  be  illustrated  without  danger  by  allowing  a  small  quantity  of  the  Quid 

iseamphmef  Whsl  la  bnmjng  flnin  '  Are  Ihr^se  linnidB  eipl<iBi»e»  Why  then  la  their 
employment  aoaangerom!  What  ia  the  comparBtiYP  Tolatllily  of  tbe  two  ?  What  ei- 
peiimcnt  UluBtrateB  the  eijilosne  charutai  of  Uiemiied  vapor  of  burning  fluid  Bad  air  F 
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to  evaporate  in  a  tia  can  or  via    aud  pp    og  a    15      d      pe         Uio 

mouth.     If,  liowever,  tlie  luomh  b      t     y      k  d,      d       liege 

ciraumstauees,  and  Home  be  api  am  ifl  ^de,  an 

explot«ou  uf  groHl  violence  is  ol  as   ned     A        m  10       p  ecHu- 

tioa  in  uaug  tlieao  liquids,  no  a     mp         uld  m  d         fill      nplon- 

ish  lamps  tbat  aro  liglited,  noi  d      y    c^  g  amphena 

or  buraing  fluid  be  ever  opBuiwl  m         a  fljm 

When  a  current  of  dry  iiydrtdi   n        d  ga         paaaod         ugh  tur- 

pentine cooled  bj  a  freezing  mixture,  a  whilfi  solid  is  formed  ivliioh  resembles 
common  camphor  in  odor  and  appearance,  and  is  lErmed  artificial  camphor. 
It  is  from  thia  ciroumstanoe,  probably,  tiiat  tlio  term  eamplieoe,  as  applied  to 
spirits  of  turpentioe,  first  originated. 

Oil  of  turpentine  is  extensively  used  as  ft  solvent  for  rosins  in  the  niaau- 
lactiire  of  varoisli,  in  the  preparation  of  paints,  and  to  some  extent  in  medi- 
cine. Many  substances,  also,  lilto  India  rubber,  etc,  which  are  insoluble  in 
alcohol,  readily  dissolve  in  it. 

The  other  more  important  oils  of  this  claps  have  been  mentioned  above 
as  isomeric  with  oil  of  turpentine. 

115.  ExKeDtial  Oiln  containing  0 x y g c n .—The  principal 
oils  oTtliis  nature  are  the  oil  of  bitter  almonds,  of  cinnamon,  of  roses,  lavender, 
bei^mot,  and  peppermint.  In  this  class  tlie  proportions  of  tlie  several  con- 
stitueuts  are  rarely  Clie  same  in  two  difierent  oils. 

Ciimmoit  camphor,  prepared  by  distilling  the  wood  of  the  camplior-treo 
(fouad  principally  in  Borneo  and  Japan),  is  regarded  as  a  sohd  oil,  or  vola- 
tile fill  of  tliis  class.  It  partakes  of  the  genera!  properties  of  tho  volatile  oils, 
may  be  distilled  without  dccompoMtion,  and  evaporat«s  in  the  air  at  ordinary 
temperatures.  It  is  nearly  insoiublo  in  water,  but  dissolves  freely  in  alco- 
hol, forming  what  are  termed  camphorated  spirHa.  On  adding  water  to  this, 
nearly  all  the  camphor  is  thrown  down  in  a  minutely  divided  state.  Camplior 
taken  internally  in  other  tlian  very  smaU  doses,  acts  as  a  poison,  a  hundred 
grains  being  sufBcient  to  ciuse  death.  "  When  small  pieces  of  perfectly  clean 
camphor  a  e  alio  ved  lo  f  It  pon  tl  e  surface  of  pure  w  at*r  they  rotate  and 
move  about  w  tl  great  r  p  d  ty  somet  n  es  for  several  hours  U^ether  but 
if  while  the  ein  [.1  or  is  rotai  ng  tl  e  surface  of  tie  water  be  t  u  1  ed  with 
any  greasy  substi  ce  (1  glass  rod  d  pped  n  tirptrt  no  an'<  vers  lest),  all 
the  floating  part  lea  i  ckly  dart  a  k  nd  a  e  n  Ian  1  ie^  ved  of  all 
motion."  Tl  s  phenome  on  ippears  b  be  due  to  tl  e  con  nu  -d  eac  pe  <tf 
vapor  from  the  surlj  a  of  tho  camphor 

77&.  Essential  Oitn  containing  S  u  1  p  h  u  r ,— Tlie  oils  o1> 
tained  by  distiUation  from  black  mustard-seed,  from  aasaftetida,  onions,  horse- 
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radiab,  garlic,  and  liops,  belong  to  tliia  tlasa  Many  of  fliem  are  character- 
ized bj  nauseous  and  oflfensive  odors,  whicl]  at  tlie  same  time  are  remarkably 
pcrastent.  The  bad  smell  imparted  to  tlio  breath  by  eating  onions  or  garlic^ 
lor  exarapln,  is  occa^onod  by  the  continued  presence  of  a.  minute  quantity 
of  tbe  volatile  oils  of  those  Tegetabloa  in  tlio  air  exhaled  from  tlie  lungs. 

The  Toiatile  oils  wliifh  are  produced  by  the  destructive  diatillation  of 
Tegetable  and  animal  substances,  are  as  a  class  called  empyrfumatic 

The  essential  oils  are  mainly  used  in  the  preparation  of  easeocaa,  perfiimea, 
and  cordials.  Tbe  latt^^r  are  generally  made  of  brandy,  flavored  witli  various 
ftromadc  oils,  and  afterward  sweetened.  In  the  preparation  of  perftimery,  a 
single  oil  or  essence  is  rarely  used  by  itsei(|  but  the  best  result  is  obtained  by 
a  skillful  mixture  of  tlie  odoriferous  prineiplea  of  many  plants.  Eaude  Cologne, 
called  the  perlfcction  of  perfiimery,  owes  ita  ea:cillenc3  tji  tho  application  of 
this  principle* 

177.  fats — Fixed  Oils.— The  fixed  oils  are  mostlydestitule  of  either 
taste  or  smeli ;  but  the  presence  of  certain  volatile  acids  imparts  odors  to  soma 
of  them ;  thus,  bvitter  coulaina  baiyric  aad ;  goat's  iat,  an  odorous  acid  called 
hyrds  odd;  while  the  nauseous  amcl!  of  whale  oil  is  due  to  the  presence  of 
an  acid  called  phocenic  acid.  Tliey  do  not  evaporate  in  tho  air,  are  decom- 
posed by  the  action  of  hoa^  and  are  unctuous  and  greasy  in  their  feeling. 
They  dissolve  readily  in  ether  and  in  the  essentia!  oils,  but  are  not  soluble  to 
any  great  extent  in  alcohol,  and  are  entirely  insoluble  in  walcr.  All  the  oils 
have  an  attracljon  for  oxygen,  and  when  exposed  to  light  and  air,  absorb  it 
rapidly,  and  give  out  carbonic  acid  and  hydrogen ;  Ibis  action  may  be  sufll- 
denUy  energetic  to  produce  ignition  (spontaneous  combustion),  especially 
■when  the  oil  is  distributed  over  porous  substances,  low,  cotton,  etc. 

Ibis  way,  >nd  ptodiice  dliterent  desrees  of  nearly  sinilUir  etfect.    The  ssnie  is  tlie  cans 

Biaelllapercdve  tbis  harnion'r  of  odors,  ondta  detect  the  presence  of  a.  discorrtant  note. 
But  it  IB  bv  tbsskillfnl  admliture.  i:i  kind  aod  quiutity,  of  odors  producing  a  Bimllarlni- 

perfumeg  which  etrlke  Uie  e«ne  kej'  of  tbe  olfaclory  nerve,  arc  miied  logelher  for  hinil- 

they  arc  not  miied  upon  this  principle,  p«rfunicB  sro  often  epotcn  of  as  becoming  aicklij 
«nd  /nfnl,  itter  they  have  been  a  short  lime  in  uko.    A  ehango  of  odor  of  tbia  kind  is 
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178,  The  Bsed  oils,  according  to  the  changes  wUioii  they  uadei^  tlirough  tb» 
nbsorplion  of  oxygen,  are  divided  into  two  clasaes,  viz.,  tlie  tirying  ot  siccative 
oils,  and  the  uactwnis  oi  greasy  oils;  or  those  which  become  liard  and  resinous 
by  oxposurc  to  the  air,  and  those  which  remain  soft  and  eticky  under  the 

779.  Drying  Oils . — L  i  n  s  e  e  d  Oil,  or  the  oil  obtained  by  espres- 
bIoq  from  the  seeds  of  tlia  flax  plantj  is  a  representative  of  tliia  class ;  and  is 
the  oil  generally  used  for  mixing  with  paints,  and  in  the  manufacture  of  Tar- 
nishes. Its  drying  properties,  which  especially  recommend  it  to  the  painter's 
1130,  are  greatly  increased  by  boiling  it  for  soaie  time,  with  the  addition  of  a 
little  litharge  (proloxyd  of  lead).  As  thus  prepared,  it  is  known  as  "  ioikd 
oS"  or  linseed-oH  varaish.  Oiled  siHc  ia  silk  lo  which  successive  coats  of  puri- 
fied iinseed  oil  have  been  applied.  Glazier's  putly  is  prepared  by  kneading 
Iflgether  boiled  linseed  oil  and  pulverized  chalk  (whiting). 

The  other  prineiprf  drying  ofls  are  those  exlraeted  from  rape-scod,  poppy- 
seed,  the  seed  of  the  castor-oil  plant,  and  from  walnuts. 

Printer's  Ink  is  prepared  by  igniting  linseed  oil  in  suitable  vessels, 
and  allowing  it  to  burn  until  it  becomes  thoroughly  charred,  and  acquires  a 
viscid  consistency;  it  is  then  mixed  with  a  certain  proportion  of  the  finest 
varieties  of  lauip-black. 

180.  Unctuoua  Oils. — This  class  includes  the  oils  expressed  fhwn  the 
fruit  of  the  olive  and  the  palm,  aod  most  of  the  oils  and  lals  of  animal  origin. 
These  oils,  by  exposoro  to  the  air,  are  liable  to  become  sour  and  rancid,  but 
tliey  do  not  solidify. 

181.  CompositioD  of  the  Fat8  and  Fixed  0  ils.— Most  fats 
and  fixed  oils,  vegetable  and  animal,  are  misiiires  of  two,  and  generaUy 
three,  distinct  compounds,  each  of  which,  taken  singly,  has  all  tho  properties 
of  a  fat  or  an  oil  The  first  of  these  sijbstances,  caUed  stearins  (from  aTcnp, 
tallow),  is  solid  at  common  temperatures ;  the  second,  okiw  (from  i'Xnioi',  oil), 
is  liquid  at  common  temperatures;  the  third,  caMsi  margarine  (TTom/iupyapor, . 
a  pearl),  on  account  of  its  pearly  appearance,  ia  also  a  solid  at  eommcn  tem- 
peratures. Ail  the  fats  and  fixed  oils,  therefore,  may  be  regarded  as  mixlures 
of  the  fluid  oleiie  with  the  solids  stearine  or  margarine.  If  tho  solid  be  in 
larger  proportion  than  the  fluid,  then  the  compound  at  ordinary  temperatures 
ia  a  solid,  and  resembles  tallow  or  lard ;  if,  on  the  contrary,  Uie  fluid  consti- 
tuent prorails,  tlie  compound  has  the  characters  of  an  oil  For  esample^ 
when  olive  oil  is  subjected  to  a  cold  of  40°  R,  it  deposits  a  solid  fet,  mar- 
garine, which  may  be  separated  by  filtration  and  pressure ;  the  largest  por- 
tion of  the  oil,  however,  consisting  of  oleine,  retains  its  fluidity  at  a  much 
lower  temperature.    Again,  by  subjecting  mutton  tallow  to  pressure,  a  per- 

ttUBSnoBS.— Into  what  two  claKes  are  the  flied  oils  divided  ?    Wh«t  ire  drying  o-La  t 
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manently  fluid  o'\  oleine,  is  extractecl,  wliilo  t'jo  solid  wliioh  romaina  lias  iia 
cr.eltiDg  point  raised,  and  is  muoii  liardir  tlian  tlie  original  taliow;  it  consista 
ofetearine  and  margarine,  the  latter  of  wiiich  melts  at  a;  much  lower  tempera- 
ture than  tlie  former. 

Stearine,  margarine,  and  oleine  aro,  however,  susoeptiblo  of  further  analj-- 
Bis.  They  are,  in  fact,  truo  salt?,  csmpoaed  of  aa  organic  or  fat  acid,  onitod 
to  a  base;  the  acid  being  peculiar  to  each  fiitty  principle,  wliilo  tlie  Iraso  witli 
which  it  ia  oaturally  uniled,  is  almost  alwajs  the  same.  Tiio  name  given  lo 
this  base  is  glycerine,  and  it  is  regarded  as  tUo  hjdratod  oxyd  of  a  radical, 
glyceryls.  In  stearino  tho  existing  acid  m  called  slearic  acid ;  in  niM-garine, 
margaric  acid;  and  in  oleme,  oleic  acid.  Stearino  is  accordingly  tlie  alearato 
of  the  oxjd  of  glyceiyle,  aud  margarine  and  olemo  the  margaratcs  and  olealcs 
of  lliH  osyd  of  glyeerj-lB.  Olive  oil  also  mu?t  bo  described  as  a  misMire  of 
much  oleate  of  tiie  oiyd  of  giyeerylo,  and  a  littlo  jnargaralo  of  tho  same  base. 

It  may  seom  singular  to  the  student  that  bodies  of  an  acid  character  sliould 
exist  iu  Dits  and  oils.  Such,  however,  is  the  case,  and  they  exhibit  acid 
properties  in  marked  degree,  such  as  reddening  litaius  paper,  noutraliai^ 
alkalies,  aud  uniting  with  bases  to  form  salts. 

182,  S  0  a  p  * .— When  fixed  latty  or  oily  Ixdics  aro  brought  in  contact 
with  alkaline  solntiona  at  high  tomperatures,  they  nndei^  a  change  called 
caponificaiiOfi ;  that  is  lo  any,  ttie  strong  alkalmo  bases  (potash  or  soda)  dis- 
place the  weak  base  glycerine,  and  unite  witli  tlio  acids  existing  in  the  lats  or 
oils  to  form  a  homt^neous  mass,  called  soap.  Soaps,  therefore,  are  truo  salts, 
combinations  of  stearic,  margaric,  or  oleic  acid,  with  an  alkahno  base. 

Soaps  a«  of  two  kinds,  hard  and  soft.  Tlie  farmor  are  mado  with  soda 
alone,  or  a  mixture  of  potash  and  soda,  while  tho  latter  are  mado  exclusively 
■with  potash.  Soaps  made  with  potash  are  so/t  mainly  oy  reason  of  tho  deli- 
quescent character  of  Oio  potash,  wCich  is  unable  to  harden  in  the  presence 
ofany  conaderable  quantity  of  water.  A  soda  soap,  on  the  contrary,  maylje 
mado  to  absorb  more  tlian  its  own  weight  of  water  without  becoming  fluid. 
Besides,  in  a  potash  soap,  the  glycerine,  which  before  saponiflcation  was  com- 
bined with  the  1st  adds,  remains  mcehanicaUy  mixed  with  the  soap,  aud  pro- 
motes its  fluidity,  la  the  manufacture  of  soda  soaps,  the  Eoap  is  obtained 
in  a  nearly  pure  state  by  the  addition  of  common  salt  to  the  n-atery  solution 
in  whidi  the  soap  is  suspended.  Soap  not  lieing  soluble  in  salt  water,  im- 
mediately separates  from  the  wal«r  and  the  glycerine  contained  in  it,  and 
floats  upon  the  surface,  and  in  this  condition  may  be  removed,  while  tlio 
spent  lye,  glycerine,  and  salt  are  allowed  to  run  to  waste.  When  this  treat- 
ment is  applied  to  a  potash  soap,  another  change  is  occasioned  which  is 
purely  chemical.  The  salts  which  tlie  tatty  acids  form  with  potash  aro  de- 
composed by  chloride  of  sodium,  and  a  mutual  intercliauga,  of  acids  takes 
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pliM;  and  hence,  when  a  potash  soap  is  mLxed  with  a  solution  of  common 
salt,  both  the  soap  and  the  chloride  of  sodium  are  decomposed,  and  a  soda  soap, 
and  eliloride  of  potassium  arc  formed. 

Hard  soapa  aro  gciioraJly  made  of  tallow,  and  are  mainly  mistures  of  stear- 
ntc  and  maT^'arato  of  soda;  soft  soaps  nro,  on  the  other  hand,  usually  made  of 
oila,  soft  flit?,  nnd  arc  mainly  oleatea  of  potasli,  with  E-yptnno  meehanioally 
mixed  with  them.  Ca'.We  soap  is  manufactured  of  olive  oii  and  soda,  its 
mottled  appearance  being  produced  by  t!io  addition  ofoiydofiron.  Resins 
form  with  the  alkalbs,  saha,  which  possess  citaracteis  allied  to  tliosQ  of  tlie 
Foaps,  and  in  the  manufarturo  of  common  soaps,  a  quantity  of  resin  (rosin) 
jj  mixed,  on  tliu  ground  cf  economy,  with  tlie  &ta  Sueb  soaps  have  a  yei- 
lowish  appearance,  nod  arc  Itnowu  as  yellow  soaps. 

Soaps,  by  reason  of  their  strong  attraction  for  water,  always  retain  a  con- 
Eiderablo  quantity  of  it  m  their  eompoation ;  the  proportion  in  the  best  bard 
Eoaps  varying  from  25  to  30  per  cent.  It  is  possible,  however,  to  prepare  a 
solid  soap  containing  more  than  its  own  weight  of  water.  Such  soaps  loolt 
well  when  fresh,  but  contract  greatly  on  drying.  Dealers  generally  store 
tlieir  soap  in  cellars  and  damp  places,  since  it  is  for  their  interest  to  sell  aa 
largo  a  proportion  of  combined  water  as  possible. 

Soap  is  finely  soluble  in  pure  water,  bat  in  salt  water,  and  all  other  salino 
Boluljoua,  it  is  insolublo ;  soap  made  fmm  the  oil  extracted  from  tlie  cocoa-nut, 
is,  however,  an  exception  to  this  rule,  as.  it  di^tsolves  freely  in  strong  brine, 
and  is  lience  much  used  as  marine  soap.  When  a  solution  of  a  soap  having 
an  nl:ialine  base  is  mixed  witti  a  salt  of  any  otlior  base,  doublo  decomposition 
ensues,  anil  an  insolul)le  compound  of  tho  Gitty  acids  with  the  cartiiy  or  me- 
tLillic  bases  is  precipitated  Tlio  salts  of  limo  and  magnesia  contained  in  nat- 
ural waWra  act  in  (his  manner,  and  tlieir  presence  in  a  water  renders  it  hard 
and  unllC  Ibr  washing.*  The  slimy  scum  wiiich  is  formed  by  tho  addition  of 
soap  to  such  water,  is  a  compound  of  tbe  fatty  acids  with  lime  or  magnesia. 
The  strong  acids  decomposo  both  soap  and  fats,  unilmg  to  their  bases,  and 
setting  free  the  fatty  acids. 

Ammonia  acts  far  more  feebly  upon  Kilty  bodies  11  an  either  potaal  or  s  d  i 

783.  Cleansing  PruperlicB  of  Soap,— Tho  dekr„ent  cr 
cleansing  action  of  soap  depends  entirely  upon  its  alliaimp  lonstitucnts. 
The  impurities  upon  tbe  skin,  or  on  artltlos  of  chtling  alwais  cout^n  ■> 
certain  propordon  of  oily  matter,  which  exuding  from  tht  porus  of  tl     sj  s 
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tern,  and  esiating  in  the  perspiralion,  acis  na  a  cementing  agent  with  what- 
ever dust  or  dirt  ia  brought  in  contact  with  it.  Water  aloue,  by  reason  of 
its  total  want  uf  affinity  for  all  fatty  or  oily  suljBtances,  is  unable  to  disEolve 
these  imparittes,  aod  effect  their  removal.  An  alkali,  on  the  contrary,  readily 
unites  with  the  greasy  and  orgauic  matter,  and  renders  it  Eolublc 

When  a  soap  is  dissolved  m  water,  Oi  portion  of  its  alkali  is  set  free  (by 
the  Bubsljtution  of  water  as  a  base),  iind  uniting  with  the  impurities  mtended 
to  be  removed,  partially  saponifies  tliem,  and  renders  them  soluble  or  mis- 
cible  witli  water.  The  fatty  acida  also,  by  their  lubricity,  cause  the  dissolved 
natter  to  waali  away  more  easily.  An  alkali  used  alone  would  act  mora 
powerfully  than  any  soap  as  a  detergent,  but  it  would  tend  to  destroy  tlie 
texture  of  the  oi^anie  substance  to  which  it  was  applied,  and  also  to  remove 
the  colors  of  dyed  fabrics.  When  used  in  tlio  fonn  of  soap,  its  solvent  powers 
ore  partially  neutralized.  In  washing  tlic  surlace  of  the  body  witli  soap,  i\3 
alkaline  constituent  not  only  effects  the  removal  of  the  dirt,  but  also  dissolves 
off  the  cuticle,  or  outer  layer  of  tiie  skin  itself  wiiich  being  mamly  composed 
of  albumen,  ia  soluble  in  alkaline  solutions ;  and  thus  eveiy  washing  of  the 
skin  leaves  a  new  and  aen^tive  surlace. 

What  are  called  viashing  fluids  ore  merely  solutions  of  tlio  caustic  alkalies. 
They  iacilitato  waging  amply  by  providing  an  excess  of  alkali.  When  the 
water  employed  in  washing  is  somewhat  hard,  their  use  in  moderate  quan- 
tity may  be  recommended,  as  they  precipitate  the  earthy  salts  present  in  the 
water,  and  rendt-r  it  soil.  An  excess  of  free  alkali,  however,  in  wasliing 
always  tends  to  injure  fibers  and  occasion  tiicm  to  slu'ink.  Camphene  (recti- 
fied spirits  of  turpentine)  is  also  employed  to  some  extent  in  washing;  it 
acts  as  a  solvent  for  grease,  and  its  u.^  is  in  no  way  injurious  to  fabrics. 

7S4.  Stvaric  Acid  is  a,  milk-while  solid,  iuodorous,  tasteless,  and 
highly  crystalline.  Mixed  with  soma  marganc  acid,  it  is  extensively  used 
for  the  manufacture  of  candles,  which  are  sold  under  tho  name  of  sltarine, 
or  adamanfiae  candles.  It  ia  obtained  li>r  this  purpose  mainly  from  tallow 
and  lard,  by  heating  them  by  steam  in  vals  with  a  mixture  of  lime  and  water. 
Under  theac  circumstances  an  insoluble  hmo  soap  is  formed,  while  the  gly- 
corine  remains  dissolved  in  tho  water.  This  soap  is  then  healed  separately 
with  dilute  sulphuric  acid,  which  unites  with  the  lime  to  form  an  insoluble 
Eulpliato,  and  leaves  the  lat  acids  m  a  separate  state  Boating  upon  the  sur- 
£ice  of  the  liquid.  These,  when  cold,  are  submitted  to  prcasuro,  by  which 
the  oleic  acid  is  removed,  and  the  stearic  and  maigaric  acida  left  in  a  nearly 
pure  condition.  Stearic  acid  melts  at  a  temperature  of  158°  F.  MargmiC 
acid  closely  resembles  stearic  acid,  but  is  more  fusible,  melting  at  a  tempe- 
rature of  about  140=  F.  Lard  oil.  extracted  from  hird  by  pressure,  ia  nearly 
pure  ofei'ne. 
Qdebtionb.— Why  win  nol  pi.rc  waltr  mewerss  adeWrHviit?    Iloir  Aoes  a  wap  act  in 
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Wo  apply  the  term  lard  to  those  animal  fata  wiiidi  at  common  tempCHi- 
turea  have  a  soft  and  unctuous  consisteDcy,  and.  lallow  to  tlioso  which  remain 
hard;  tho  only  differeooe  between  the  two  is  in  the  proportion  of  the  constitu- 
ent, oleino,  whiohis  greater  in  lard  tban  ia  tallow.  Tha  fats  of  carnivorous  ani- 
mals and  of  birds  are  eoft  (lard),  -wiiile  that  of  ruminaUng  animals  is  hard 
(lallow).  Fish,  or  train  oil,  is  obtained  from  tlie  blubber  of  wliales,  seals, 
and  various  fishes.  Spermaceti  is  o  peeuliar  fat  found  ia  cavities  of  the  head 
of  tbe  sperm  whale.  It  differs  from  other  animal  tats,  inasmuch  as  it  docs 
not  contain  glycerine,  but  another  basic  sul>stanee  termed  etiuil,  while  Uio 
fat  acid  combined  witli  it  is  called  ctbalic  aeid. 

Olive  oil,  or  tlie  sweet  oil  of  commerce,  is  obtoinod  by  pressure  from  tho 
fruit  of  the  olive-tree.  It  is  composed  chiefly  of  oleine  and  a  little  marga- 
rine. Fahn  oil,  which  within  a  comparatively,  few  years  has  become  an  im- 
portant article  of  commerce,  is  obtained  priueipally  on  the  West  Coast  of 
Africa,  in  immense  quantities,  from  the  tVuit  of  a  spedes  of  palm-tree.  It 
has,  when  il^sh,  a  deep  orange-red  lint,  and  an  agreeable  odor,  and  at  ordi- 
nary  temperatures  has  the  consistency  of  butter.  It  con^sts  of  a  (inid  fat," 
oleme,  and  a  crystaliiiable  solid,  resembling  margarine,  which  has  been  called 
paimatine,  and  which  consists  of  pnlmatie  acid  and  glycerino. 

Human  fet  contains  palmalinc,  margarine  and  some  oleine  * 

184  Glycerine  is  a  sweet,  syrupy    q   d  ai        -id 

luble  in  water  and  alcohol     Until  with      tl  w    cai^ 

have  been  overlooked,  and  it  was  not  rega  d  p    ca  use 

ppo         I'tal      tpo         Lw       ,wh  resp  m  tall   ds, 

d  gin     bod  q  aJ        n         rpaases,  en 

h  w  E  posed  d        n      beco        an   1,         eai 

d  so  possoBsos      ma  It  n  septi    prop    ti  s,  preserv 

bee  ppedm  d'ssigwdSjbnis.ad 

as     so  p       pos  p   oe      al 

oils,  and  as  a  remedy  for  insect  bites.     It  maj  bo  obtamed  m  a  nearly  pure 
state  by  saponilying  tallow  with  lime,  and  by  various  other  processes. 

185.  When  glycerine  is  strongly  heated  it  is  decomposed,  and  evolves  a 
volatile,  extremely  pungent  substanco  termed  acroleine,  which  caases  lachiy- 
mation.     Tho  tbnnalion  of  this  body  occasions  tbe  disagreeable  smell  noticed 
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during  the  Bnioldering  of  a  candle-wick,  and  it  may  bo  also  porceived  dur- 
ing t!ie  Imperfect  combustion  of  all  kinda  of  fats. 

736.  Wax. — The  term  wai  is  applied  by  chemists  to  substances  derived 
(k>m  various  sources,  wMcli  resemble  in  composition  and  properties  the  was 
forming  the  solid  portion  of  honeycomb.  It  has  long  been  a,  matter  of  dis- 
pute among  naturalists,  whether  the  bee  merely  collects  the  wax  funned  by 
plants,  or  secretes  (manufactures)  it  from  honey  (sugar)  in  the  tissues  of  ita 
body.  The  latter  view  of  the  case  is  now  generally  adopted.  The  constitu- 
ents of  wax  are  tfie  same  as  thoso  of  the  fats  and  oils,  viz.,  carbon,  hydro- 
gen, and  exj^n — tbe  formula  for  boes-wai  being  CmHmO,. 

Bees  mar,  in  its  natural  state,  is  yellow,  but  is  bleached  white  (white  wai) 
by  exposure  in  thin  ribbons  to  the  action  of  light,  air,  and  moisture.  It 
f:ises  at  a  temperature  of  150°,  and  is  soluble  in  ether  and  spirila  of  tuiv 
pentine  V,  hen  heated  with  boiling  alcohol,  it  separates  into  different  proxi- 
mate principles,  myrkirte  and  cerine,  tbo  last  of  wliich  separates  from  tho 
alcobol  on  coohng  in  delicate  needle-Uke  crystals.  It  is  doubtful  whether 
these  bodies  are  susceptible  o(  saponiflcatloo.  Wax  digested  wi^  oils,  forms 
a  kind  of  ointment  termed  cerales.  "Wax  also  occurs  in  all  plants,  espedally 
in  the  glossy  coating  or  varnish  observed  upon  the  surface  of  leaves  and  the 
skins  of  fhiit  (as  in  the  skin  of  the  apple).  Prom  some  spetaes  of  plants  it 
is  obtained  in  sulBeicnt  quantities  to  constitute  an  article  of  commerce ;  as 
the  hayberry  taltoi/,  or  myriai  wax,  which  is  obtained  by  steeping  the  leaves 
and  fruit  of  a  spedea  of  myrtle  in  hot  water.  The  great  demand  for  wax  is 
for  the  mcuiufacturo  of  candles,  which  are  first  molded  by  tho  hand  and  then 
shaped  by  rolling  upon  a  hard  surface.  Wax  burns  with  a  beautiful  clear 
Ugiit,  and  is  tho  mrat  expensive  material  employed  for  illumination. 

781.  R  c  s  i  a  s . — Resinous  substances  are  found  in  greater  or  less  abun- 
dance in  almost  all  plants,  and  are  regarded  as  tho  products  of  tlie  oxyda- 
tion  of  the  essential  oils.  Many  of  them  exude  naturaliy  from  fissures  or 
incisions  in  the  bark  or  wood.  They  are  all  insoluble  in  water,  but  dissolve 
readily  in  alcohol,  ether,  and  the  essential  oils.  When  pure  and  fi«e  from 
ciscntial  oils,  they  have  no  odor  except  when  rubbed  or  heated.  They  are 
also  good  insulators  of  electricity,  and  become  electric  by  friction.  In  color 
they  are  pale  brown  or  rod, 

IBS.  Colophony  , — Common  pine  rcain  {rosin),  also  termed  eohplwny, 
which  is  tho  residue  left  after  the  distillation  of  crude  turpentine,  is  a  good 
example  of  this  class  of  resins.  It  contains  two  distmet  bodies  havmg  aeid 
properties,  called  pimc  and  silvic  acids,  which  may  be  separated  from  each 
other  by  treatment  with  alcoliol.  These  acids  unite  with  bases  to  form  Balls, 
and  their  combinations  with  the  alkalies  are  true  soaps  (rosin  soaps).     EofflU 

QOMTIOKS.— Whsttsimif    Whali8theorlglnofl«59-W3i!    Into  what  two  prinelplei 

What  are  UiidrBeiienil  piopertieat  What  is  s  chttrBCteiislio  MSnipJe  of  Ills  c1«b9  of 
boaiesf    How  la  rosin  oliloined?    Wliat  m  its  chemioal  name  f    WhaliailBcompoBltloa? 
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yields  by  distillation  a  great  variety  of  products,  tiie  moat  important  of  whicb 

13  a  fixed  oil,  whieli  is  extensively  used  d  so     w 

llluniiQatingpurpoaes,  onderthe  Dameof  B^  prte   iL   Rosm 

brittle,  and  may  be  easily  reduced  to  a  fi      powd  m     h  co 

used  to  increasb  friction,  as  it  renders    bsu-cea       ■»hii      la      pd 

rougli  and  adhesive ;   its  applicaljon  to  bow  vi  d 

cords  of  clock  iveiglila  to  prevent  tlicir  b         g  m  ust 

amples.     Eoain  ignited  for  a  time  and  t  ti         h  il        co  d 

a  soft,  black,  pitcby  substance  gener^y  known  as  sliip  s  pitcli  or  Ehocinater  s 

789.  Lac. — This  important  reanous  substance  tvh  h  p     cd  from 

the  East  Indies  to  llio  cxrcnt  of  lialf  a  million  of  pr  ds  n  lly  s  pro- 
duced by  the  puncture  of  tbe  baric  of  certain  spec  3  ee  by  n  insect, 
and  by  its  elaboration  of  tlio  oxuding  juice  into  cell  gga  occurs 
in  commerce  under  three  forms.  Thus  tho  brok  ff  g  h  trees 
)ucru3ted  witli  lac  constituto  stidt  lac,  removed  fron  h  »  gs  is  ed  toe, 
and  when  refined  by  molting  and  Etraining  it  is  ehtUac.  Stick  lac,  owing 
to  the  presenca  of  tho  dead  insect  in  its  structure,  yields  by  proper  treatment 
a  dye  which  is  nearly,  or  quite  as  bright  as  that  obfairitd  from  cochineal. 
Lac  is  also  estenaively  employed  in  the  preparation  cf  vntiiishcs,  in  the 
manuDicture  of  hats  (for  stiffonin^  tho  hat  body),  and  as  tlio  principal  ingre- 
dient in  sealing-wax.*  What  is  called  gold  varnUh  ia  a  solution  of  eliellac 
m  alcohol,  colored  yellow  by  gamboge  and  tumeric, 

JfasKc,  "  Dragon's  Stood,"  so  called  from  its  deep  red  color,  and  Sandarac, 
are  also  redns  lar^y  employed  for  the  manufocture  of  varnishes.  Copol 
is  eicoedingly  liard,  and  of  a  light  yellow  color;  it  differs  Irom  the  other 
resins  in  being  almost  insolublo  in  alcohol  and  the  caaential  oils.  Copal  var- 
nish la  made  by  first  fuslna;  tho  resin,  and  ilien  adding  spirits  of  turpentine 
and  Hnaeed  oil.  Gum  guiacwn,  mueli  used  in  medicine,  is  the  product  of  tlio 
lignum'vitiB  tree  of  the  West  Indies. 

190.  Amber.— Tho  source  of  amber  was  for  a  long  time  uncertain,  by 
Eome  it  was  supposed  to  ba  a  carbonaceous  mineral,  but  it  is  now  univer- 
sally considered  to  be  a  fossil  vegetable  resin,  the  product  of  a  spades  of 
the  pine  family  now  extinct^  Whenever  found  in  Its  natural  location  in 
the  earth,  It  is  associated  with  carboniKed  wood  or  coat.  It  la  chiefly  fonnd 
on  the  shores  of  the  Baltic  Sea,  imd  K  apparently  wasiied  out  of  the  sand  by 
the  waves.     The  lai^st  block  known  is  in  the  Royal  Museum  of  Berhn, 
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aud  weigba  13  Iba.  Amber  oden  contana  insecfa  so  peribetly  and  dolicately 
jireserved,  tliat  they  could  not  have  become  iDcorporated  in  Hie  maaa,  es- 
cept  it  was  once  in  tlie  condition  of  a  volatile  oil  or  a  senii-lluid  resin.  It 
1!  tha  hardest  of  all  tiio  resins,  has  a  yolJowisli  color,  and  is  slightly  acted 
upon  by  alcohol  or  the  easeotial  oils,  licing  commonly  trausluoeuc,  and  Bus- 
Gjptiblo  of  a  fins  polls!),  it  is  often  made  into  ornaments,  sucli  aa  necklaces, 
tlio  mjuth'EHOoes  of  pipes,  etc.  'J'ho  leantiful  black  varnisli  used  by  coach- 
mikera  is  a  very  corefully-prepai"ed  compound  of  amber,  asphaltum,  linseed 
oil,  ani  turpenlina  Amber  is  a  compound  of  several  resinous  principles,  and 
a  pjoaliiir  acid  cjlled  siKclnie  add. 

791.  Balnani'i. — Many  resinous  substances,  as  they  exude  from  trees 
or  shrubs,  are  rai-wJ  wirti  an  essential  oil,  which  eitlier  evaporates  on  com- 
inj  in  contact  with  the  air,  or  is  converted  into  resin  by  the  absorption  of 
osygen.  Such  mi.ttures  of  reans  and  essential  oils  are  called  Sa/sanw.  The 
ciade  turpsntina  or  piteli  which  exudes  frem  the  pine  is  an  example  of  a 
trua  biJaiTn,  sinoo  by  distillation  it  is  acpBratod  into  a  volatile  oil — turpon- 
tin)  ani  hard  resin.  Among  the  oUier  important  commercial  balsams  are 
'"  OiMtnia  balsam,"  the  product  of  the  silver  fir,  "  Venice  turpentine,"  the  pro- 
daM  of  a.  apedos  of  lurch,  Cupaiba  Msam,  balsam  TWu,  Feru,  and  sum  6en- 
z  tin.  The  three  former  are  merely  natural  varniahea,  i  e.,  rosins  dissolved  in 
volatib  oils ;  the  latter  contain  in  addition  an  acid  principle.  This  acid  in 
gim  benzoin  is  called  benzoic  acid,  and  is  oliemicHlJy  inleresling  by  reason 
of  tlie  nambar  and  marked  cliaraoter  of  the  salis  which  it  forms  with  bases. 
Bjnzoio  acid  may  also  bo  obtwned  artificially  as  a  product  of  tlie  oiydation 
of  the  (Hi  of  bitter  almonds.  Tlie  gum  itself  is  veiy  fragrant,  and  is  the  chic{ 
ingredient  in  the  inoensa  burnt  in  Caarolio  churches. 

792.  Uuin  Keying  — This  term  is  apphed  to  a  class  of  vegetable  pro- 
duota  which  contain  iu  addition  to  a  resin  and  au  caaential  oil,  a  portion  of 
giiin  ani  vaiious  other  extractive  matteis.  When  tlioy  first  escape  from  in- 
cisions in  tho  stems  or  branches  of  Itdcs  and  elimba,  they  are  fluid  and  of  a 
li;^ht  color,  but  gra'lualiy  harden,  and  Ijeeome  of  a  deeper  hue.  Most  of 
them  also  possess  a  strong  odor,  and  a  warm,  acrid  taste.  Owing  to  tlieir 
misea  coaipOMtion,  tlioy  are  not  perfectly  aoluble  in  either  water  or  abso- 
lute alcohil,  bat  arj  completely  dissolved  by  proof  spirit.  Tliis  class  of 
snb^tances  includes  many  valuable  medicinal  principles,  such  as  myrrh,  asi- 
fetida,  aloes,  gamboge  {the  well-known  coloring  agent),  Bcammony,  and 
otliers.     Opium  ia  also  included  in  this  class. 

793.  Varnish  is  a  solution  of  a  resinous  aubstance  whicli  is  applied  to 
t'.ii  siirfaoa  of  bodies  for  the  purpose  of  investing  them  with  a  hard,  transpa- 
rent, lustrous  coating,  When  the  solvent  for  the  resin  is  alcohol,  the  pro- 
duct is  termed  spirit  vamiali,  and  when  an  essential  or  drying  oil,  oit  iw- 

QUEaTioSB.— What  arc  ItBproperHes  and  UBM?    WhsHa  «aH  offta  chcmiral  oompoil- 
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nish.  French  polish  ia  an  alcoholic  solution  of  shellac,  with  a  liftlo  oS 
added. 

794.  The  Elastic  Gu  m  s,— Two  Tarietiesoftliia  class  onljare  known 
ia  commerce— caoutchouc  or  India-rubbur,  and  gulta  pcrcha.  There  are, 
however,  several  other  vegetable  products  of  a  l.ko  character  wliicli  have  not 
been  made  practicaUj  available. 

Caoutchouc  is  obtained  hxim  Ihe  milky  juice  afforded  by  sercral  species  of 
tropical  plants,  in  which  it  exists  in  the  form  of  small  globules  suspended  in 
an  aqueous  liquid,  precisely  in  the  same  manner  as  the  little  globules  of 
oily  matter  float  about  ia  milk.  When  the  juice  is  exposed  to  the  air,  the 
caoutchouc  gradually  separates,  and  hardens  into  a  white  elastic  mass,  inso- 
luble in  water  or  alcohol  The  usual  bhick  color  of  India-rubber  is  a  discol- 
oration occasioned  by  the  smoke  of  the  fires  over  whidi  the  fh^sh  product  is 
dried.  The  addition  of  a  little  ammonb  to  the  miiky  juice  temporarily  pre- 
vents the  separation  of  the  caoutchouc,  aud  under  these  chwimatances  tho 
caoutchouc  may  be  exported  m  tighUy-corked  bottles  in  its  natural  condition. 
A  short  exposure  to  the  air,  hoivever,  soon  occasions  its  soparatJon  as  a 
milk-white  solid. 

Tlie  physical  properties  of  caoutchouc  are  well  known.  It  ia  soluble  in 
pure  ether,  naphtha,  benaole,  oil  of  turpentine,  and  tho  bi-sulphide  of  carbon. 
At  a  temperature  a  little  abovo  the  boding  point  of  water  it  raelts,  bat  does 
not  regMi  its  solid,  elastic  state  on  cooling  Caoutchouc  contains  no  oxygen, 
and  is  composed  of  carbon  and  hydrc^  n  united  probably  in  equal  propor- 

■ftlien  caoutchouc  is  heated  m  connection  inth  sulphur  it  incorporates  a 
quantity  of  tho  sulpliur  into  its  stL-ULtupe  and  undeipws  a  rcmarliablo  change, 
beconiing  what  is  called  vukanized  ™H«r  In  this  cond  tion  it  is  leas  liable 
to  be  hardened  by  cold  or  softened  by  heat,  and  is  also  rendered  more  elas- 
tic and  insoluble  in  ether  and  the  essential  oils.  It  is  iiom  this  material  tiiat 
almost  all  India-rubber  goods  are  now  Mricated,  Vulcanized  rubber,  by 
mixture  with  a  proportion  of  bituminous  or  pitchy  matter,  and  some  earthy 
material  like  magnesia,  may  be  converted  into  a  hard,  hlacic,  lustrous  sub- 
stance, which  works  like  ivory,  and  is  extensively  used  for  the  manufacture 
of  combs,  pencil-cases,  knife-handles,  etc. 

Pio,  232.  ^  caoutchouc  is  unaffected  by  most  chemical 

I ^  agents,  and  is  at  tlie  same  time  supple  and  flexible, 

"H " ~W~"^  it  admits  of  many  useful  applications  in  practical 

^  'i  '•  ^  '■'  chemistry.  Short  flexible  tubes  for  the  connection 
of  apparatus  are  easily  formed  by  wrapping  a  piece  of  slieet  rubber  over  a 
glass  tube  or  rod  (see  Fig.  232),  aud  cutting  off  the  superfluous  portions  with 
a  pair  of  scissors  {see  Fig.  233).     On  pressing  together  and  gently  warming 

source  ia  caoutrhouc  obtuined  f    What  ia  Its  natural  coiidillon  and  colnrf    Wliat  is  enjd 
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Pm.  233. 


the  fresh-out  cdgcg,  Ihey  cohere,  anJ  form  a  tube, 
which  firmly  tied  at  botli  euiis,  biada  two  sepirste 
gloEa  tubes  air-tiglit  witli  each  other  (See  F^ 
234.) 

Moat  of  the  caoutchouc  at  present  uaid  is  oMained 
frora  the  country  bordering  on  ti:e  banks  of  the 
AmazOD,  South  America. 

195.  Cutta  P  ere  ha. —This  substance,  liko 
caoutchouc,  is  obtained  from  the  milky  juice  which 
exudes  from  several  apecies  of  trees  peculiar  Ik> 
Southern  Asia.  At  ordinary  temperatun 
slightly  elastic  and  as  tough  and  luird  aa  Trood ;  but  I 
when  immeraed  in  warm  water,  it  softe 
cornea  highly  plastic  and  ductile,  regajnins  its  ori^niJ  hardness  on  cooling. 
This  property  allows  it  to  bo  mijded  with  great  facility  into  many  articles  of 
utility  Bud  omamenL  Gutta  percha  possesses  a  dirty  white  color,  and  a  pe- 
culiar leathery  smell ;  it  is  highly  iufiammaMe,  and  ia  insoluble  in  water  or 
alcohol,  but  dissolves  in  ether,  the  essential  oils,  chloroform,  and  bi-sulphuret 
of  carbon. 


Fig.  2:i4. 
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Vcgclahle  Organiiation.  —  Tlic  ck- 
;c  the  organic  structure  df  plants  are,  as  has  been  already 
^ted,  carbon,  hydix^n,  oxygen,  and  nitrogen — the  three  former  being 
lately  in  exoees. 

In  addition  ia  these,  all  plants  contain  various  inorganic,  or  rather  mineral 
substances,  the  presence  of  which  in  their  structure  is  essential  lo  a  healthy 
growth  and  oi^aniiation.  The  number  and  tlie  nature  of  these  mineral 
Eubatanees  aro  ascertained  by  analysis  of  the  ashes  (the  incombustible  part) 
which  plants  yield  by  combustion.  They  are  mainly  jintosso,  soda,  lime,  mag- 
nesia, \)M  setgaioxyde/ iron,  iMmbiacd  with  airUmcaeia,m^htiric  acid,  silicic 
acid,  phosphoric  acid,  and  various  clilorides.  The  ashes  of  all  cultivated  plants 
contmn  these  minora!  substances ;  but  the  proportions  vary  with  the  nature 
of  the  plant  Thus  ^lica  abounds  in  the  stallts  of  grains  and  grasses,  phos- 
phoric acid  in  llie  seeds  of  grain-bearing  plants,  potash  m  leaves  and  many 
edible  roots,  and  lime  m  leguminous  plants,  peas,  beans,  etc 

Qnasnoxe.— What  [BgultBpcrchi'    Whatare  lis  propfrtles?    What  am  the  elementa 
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The  mineral  constituenla  of  plants  do  not  necessarily  exist  ia  tliB  living 
tiasues  in  the  same  fbrm  as  in  the  asliea  aflbrded  by  tlie  combustion  of  tliesa 
ligaues.  Tliua,  sulphur  and  phospboraa  appear  to  osiat  uncombinad  ia  albu- 
minous matter,  while  Uie  earlliy  bases  are  very  generdly  united  in  tJie  struc- 
ture of  plants  with  vegetable  adds.  In  the  process  of  eombustion,  however, 
the  latter  become  converted  into  carbonates,  while  the  sulphur  and  the  phos- 
phorus unite  with  oxygen  to  form  acids,  which  m  turn  generally  unite  witii 
one  of  the  bases  present  to  ibr.n  salts  cliaraet eristic  of  these  elements. 

797.  Sources  of  Nutriment  to  P I  a  n  t  s .— Plants  obtdn  theit 
nutriment  partially  by  tlieir  leaves  and  partly  by  their  roots-  The  Ibrmer  are 
furnished  with  a  great  numb;r  of  microscopic  pores,  or  slomata,*  while  in 
the  latter  the  nutritious  matter  pcnet.-otes  the  cell-walls  of  the  rootlets  by 
the  toroe  of  endoaraosis.  It  must  be,  therefore,  tvident  that  the  plant  can 
only  absorb  its  nutriment  in  a  liquid  or  aeriform  condition. 

798.  The  ht/drogen  and  oxyjea  wbich  plants  contiin  are  derived  princi- 
pally from  water  wiiicb  is  absorbed  as  a  liqmd  by  the  roots  from  tho  earth, 
or  as  vapor,  from  tlie  air,  by  the  leaves.  Tlie  subatanceB  which  make  up  the 
great  bulk  of  the  structure  of  all  plants,  viz.  kIIuIoso,  lignme,  starch,  si^ar, 
and  gum,  contain  oxygon  and  hydrogen  in  cxaitlv  the  sime  proportions  as 
they  exist  in  water,  aad  they  may  in  fact  bo  regarded  as  merely  compoiinila 
of  carbon  (their  other  constituent  element)  with  water  Tho  presence  of 
water  in  a  liquid  condition  in  the  plant  is,  moreover  indi'ponaable  to  its  de- 
velopment, since  all  the  solid  ingredients  of  pKnts  are  assimilated  from  tho 
sap,  which  is  rendered  liquid  by  water.  Pljnts,  however  absorb  (lirougb 
their  roots  much  more  water  than  is  applie  i  to  the  t  nlargement  of  their 
structure,  and  in  auch  caaea  a  constant  evaporation  laltes  place  from  their 
leaves. 

799.  The  carhon  existing  in  plants  is  entirely  deriied  fVom  carbonic  aeii^ 
carbon  itself  being  insoluble  in  water  Plants  absorb  cirbonic  acid  principally 
Gum  the  air  through  their  leaves.  Although  but  2  measures  of  tliia  gas  are 
contained  in  6,000  of  lur,  its  aggregate  supply,  by  reason  of  the  great  extent 
of  the  otmoaphero,  is  very  largo^  and  has  been  estimated  to  exceed  seven 
tons  for  each  acre  of  the  earth's  surface.  The  immensely-extended  surface 
presented  by  the  leaves  of  plants  enables  tiiem  to  withdraw  caVbouio  acid 
from  the  atmosphere  in  a  very  rapid  manner. 

they  aro  unuanall)'  large,  and  ire  easily  Men  by  &  simple  mloroscMipo  of  moderale  poirer, 
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Carbonic  acid  is  also  supplioJ  to  plants  from  tho  soil  Ibrough  tlieir  roots, 
liumua,  in  the  eourae  of  iia  deeomposition,  contiouaUy  evolves  carbonic  add ; 
and  the  air  in  all  soils  rich  in  detajiug  veg^elable  matter  ttlwaya  conlains  a 
mucli  larger  proportion  of  carbonic  add  than  un  eqoal  bult  of  tije  general 
atmosphere.  Carbonic  acid  does  net,  however,  enter  inlo  and  circulate  in 
the  structure  of  plants  as  a  gas,  but  always  in  a  state  of  solution.  In  the 
lenf  the  moisture  with  which  the  tissues  are  saturated  becomes  tlio  medium 
cf  its  absorption ;  in  tho  case  of  the  root,  it  is  taken  up  naturally  in  solution 
b  water.  Some  chemists  maintain  that  the  soluble  forms  of  humus  (creuic 
and  apocrenie  acids)  are  directly  absorbed  by  roots,  and  thus  become  sources 
of  nutriment  to  tlje  growing  plant.  This  theory,  from  the  fact  tliat  it  has 
been  strenuously  opposed  tjy  Liehig  and  other  authorities,  has  not  been  gen- 
erally received,  but  the  most  recent  investigations  appear  to  eubstantialB  its 
correct  ncia 

The  Larbonic  acid  absorbed  by  the  plant,  citlier  by  its  leaves  or  roots,  is 
deoomposLd ;  its  carbon  constituent  being  retained  and  assimilated,  while  the 
oxygen  orispnally  combined  with  it  is  restored  to  the  atmosphere.  This  de- 
compositoa  takes  place  mainly  in  the  leaves  of  plants,  and  is  effected  solely 
under  the  mfluence  of  light  It  goes  on  most  actively  when  the  plant  is  cx- 
poied  to  the  direct  action  of  tlie  raya  of  the  sun,  but  is  entirely  suspended 
dunng  the  night  It  is  also  checked  in  a  very  marked  degree  during  Iho 
davlime,  when  the  light  of  tlio  sun  is  intercepted  by  thick  clouds. 

Flanli,  therefore,  in  the  daytime  coaCinvally  absorb  carbonic  aeid  and  exhale 
oxygr-n. 

In  the  night  this  process  is  to  a  degree  reversed ;  carbonic  acid  is  absorbed 
as  before,  but  the  inauonce  of  liglit  lieing  withdrawn,  it  is  again  restored  to 
llie  air  unchanged.  Oxygen,  also,  as  tho  result  of  certain  processes  alhod  to 
oxydation,  is  at  the  same  time  abstracted  to  a  very  small  extent  fblm  tho  at- 
mosphere. The  action  of  oxygen  under  such  circumstances  is  illustrated  by 
the  fact  tliat  tho  leaves  of  cel'tabi  phints  which  are  bitter  in  the  evening  are 
sour  in  tho  morning,  inasmuch  as  the  products  formed  during  tho  day  bocosio 
acid  by  osydation  at  night;  when,  however,  the  assimilation  of  carbon  is 
recommenced  under  tho  influence  of  light,  the  excess  of  oxygen  is  neutral- 
ized, and  the  ori^nal  bitter  properties  aro  restored.  _  Furthermore,  if  during 
tlie  night  a  plant  be  covered  by  a  bell-glass,  the  atmosphere  contained  in  it 
will  be  found  to  contain  a  lai^cr  amount  of  carbonic  acid  than  before.  This 
is  occasioned  by  tho  oxygen  of  tho  air  surroundmg  the  plant  effecting  an 
oxydatioQ  on  its  surfiice,  and  thus  producing  a  certain  quantity  of  carbonic 
acid;  the  amount,  however,  is  very  unequal  in  different  plants,  and  is  most 
abundantly  produced  by  such  as  contain  a  lai^  proportion  of  oasUy  osyd- 
izable  volatile  oil  in  their  glandular  vessels.     Flowers  and  fruits  also  form  an 

Qemriosa— WhaUa  the  source  of  larbon  loplanlBin  iho  eaUi    In  wlial  condiilon 
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exception  to  the  usual  action  of  vegetaljon,  aa  tboy  absorb  oij-gen  from  the 
atmosphere,  and  evolve  carbonic  acid.* 

The  dewmpositioQ  of  earlmnic  acid  by  the  grec-o  portions  of  plants  may 
be  eaaily  demonstrated  by  placing  frEsh  leaves  iu  a,  bell  glasa  partialJy  filled 
with  water,  and  partially  with  eartwnic  add  gas;  on  exposing  the  glass  to 
tlie  sunshine,  the  carbonic  acid  disappears,  and  after  some  time  is  replaced 
by  a  rather  smaller  quantity  of  oxygen,  which  may  be  tested  in  the  usual  man- 

Tlje  carbonic  acid  withdrawn  from  the  air  bj  the  action  of  vegetation  ia 
eonatanlly  roproduced  aud  restored  to  tlie  atmosphere  by  tlio  respiration  of 
animals,  and  by  the  processes  of  decay  and  combustion  ;  and  these  two  classes 
of  phenomena  so  completely  compeuBate  and  balance  each  other,  that  tlie 
proportional  quantity  of  oxygen  and  carbonic  acid  present  iu  the  atmosphere 
remains  ever  essentially  unchanged.     (§  330.) 

800  It  is  the  generally  received  opinion  tliat  plants  derive  their  nitrogen 
entirely  firom  the  soil,  by  means  of  their  roots,  in  tlie  form  of  ammonia,  al- 
tliougli  certain  eminent  French  chemists  mnintain  tliat  tliis  element  is  in  part 
supplied  directly  from  the  atmosphere.  The  sources  of  supply  of  ammonia 
to  soils  are  numerous ;  it  is  absorbed  and  condensed  from  the  atmosphere  by 
dew.  rain,  and  snow,  and  also  by  the  clay  and  humus  of  tiie  soil  itself  It 
■s  an  abundant  product  of  tho  decomposition  of  all  nitrogcnizod  animal  and 
TOgelable  substances,  and  is  andoubtedly  produced  to  some  extent  by  tho 
direct  contact  of  Imraus  with  the  nitrogen  of  llie  air. 

In  what  manner  the  assimilation  of  ammonia  takes  place  Id  the  vegetable 
liingdom  is  not  certainly  known.  Its  decomposition,  however,  fumishea 
plants  with  an  additional  Bourca  of  hydrogen.  The  quantity  of  nitrogen  con- 
tained in  plants  is  comparatively  small,  and  it  is  found  chieHy  in  tho  sap  and 
in  the  seeds.  In  2,500  lbs.  of  hay  there  are  9S4  lbs.  of  carbon  and  only  32 
lbs.  of  nitrogen. 

801.  Plants  derive  tlieir  mineral,  or  earOty  conslitaenis  !nna  the  soil,  and 
the  solution  of  these  sulistancea  in  water,  which  is  necessary  for  tlieir  absorp- 
tion by  root-Bbers,  is  greatly  iacililatod  by  tho  action  of  carbouic  acid. 
<§  432). 

802.  Soils  owe  tlieir  ori^n  to  tho  disintegration  or  gradual  crumbling 
down  cf  rocks,  by  the  action  of  water,  air,  frost,  at  d  various  u  1  e  gencies. 
Throi^h  the  action  also  of  air,  moisture,  and  carbon  o  ac  d  t  o  s  ocy  parti- 
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des  whioVi  niako  up  a  soil  are  ohomicaUy  ilecompoBcid,  and  certain  of  tlicir  min- 
eral coustitueuts,  putasli,  soda,  otc,  are  rendered  soluble  aud  capable  of  asaimi- 
loCion  bj  planbi.  Tbe  moat  abundant  constituent  of  soils  is  silica  (sand^ 
wbich  frequeotly  forms  nioe  tentlis  of  llieir  entire  weight  Good  arable  land, 
however,  always  contidns  a  lui^  propoition  o(  alumina  (day),  and  in  soils 
nodeclajed  by  limestone  or  calcareoua  rocks,  the  proportion  of  carbonate  of 
lima  present  is  odea  very  considerable. 

The  relative  preportiOQS  of  snnd,  clay,  and  limo  in  sails  givo  to  tliem  cer- 
buD  peculiar  physical  characters.  A  soil  in  which  sand  predommates  is  liglit 
and  porous;  an  excess  of  clay,  on  tbo  other  liand,  renders  it  heavy  and  re- 
ten^ve  of  mo;sture.  The  best  sods  are  those  in  which  the  earthy  constitu- 
ents are  so  preportioned  lliat  the  light,  porous  qualities  of  one  are  ba,lanced 
by  the  close,  retentive  properties  of  the  other. 

The  quantity  of  organic  matter  {humus)  derived  from  the  decomposition  of 
Biumal  or  vegetable  substances  present  in  a  soil,  essentially  modifies  its  char- 
acter. The  af/erage  amount  of  organic  matter  contained  in  soiis  is  about  5 
per  cent.  Fertile  alluvial  soils,  or  those  deposited  from  water,  are  generally 
characterized  by  the  presence  of  a  much  larger  proportion,  and  in  some  peaty 
Boils,  the  amount  may  exceed  70  or  BO  per  cent. 

803,  Although  plants  obtain  a  large  proportion  of  tlieir  nutriment  lh>m 
the  air,  yet  as  they  abstract  from  the  soil  considerable  quantities  of  earthy 
matter,  which  is  only  replaced  naturally  by  the  slow  disintegration  of  min- 
eral sulratances,  it  is  evident  that  the  loog-cootinued  cultivation  of  the  san^.e 
plant  upon  the  same  soil  may  so  far  exhaust  its  soluble  miner-.d  constituents 
as  to  render  it  iinflTiitful.  Tliis  is  especially  the  case  where  lai^e  crops  are 
raised  year  after  year,  and  entirely  removed  from  the  soil  to  furnish  food  for 
men  and  animals.  As  different  plants,  however,  require  for  their  nourishment 
different  mineral  substances,  or  dii' -rent  quantilies  of  the  same  substance,  a 
soil  which  has  become  unfitted  for  the  growth  of  one  plant,  luay  still  contain 
the  elements  necessary  for  the  support  of  another ;  mid  licnoo  a  EUCoefsion  of 
crops  of  different  vegetables  may  be  riused  upon  the  same  soil,  whcu  two 
successive  raops  of  the  same  vegetable  could  scarcely  he  obtained.  Tli:s  sys- 
tem of  cultivating  different  plants  in  succession,  upon  the  same  soil,  is  termed 
the  Totatioa  of  crops,  and  tJio  period  of  lime  over  which  tlio  rotation  is  al- 
lowed to  extend  is  usually  severa!  years.  During^  the  interval  which,  under 
these  circumstances,  elapses  between  two  successive  crops  of  the  same  na- 
ture, the  soil  has  time  to  renew  itself;  or  in  other  words,  it  regabs  through 
the  gradual  decomposition  of  its  insoluble,  stony  compounds,  the  constituents 
originally  ahstracted  from  it.  In  England,  wheat  is  ordinarily  grown  upon 
the  same  soil  only  once  in  four  or  Gvo  years,  the  intermediate  crops  being 
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ts,  and  potatoes,  crops  wliicli  require  but  a  small  quantity 
a  wliicli  are  essential  to  tbo  growth  of  wheat. 
n  exhausted  soil  is  also  olleu  effecled  hj  allowing  it 
tofollou),  or  remain  witliout  a  crop,  exposing  it  at  tlie  eame  time  (by  plow- 
ing) lo  tlio  action  of  air  and  moisture. 

804.  Manures . — Tlie  method,  however,  of  obtaining  from  tlie  soil  the 
largest  produce,  conslsls  in  presenting  to  the  plants  cultivated  upon  it  all  tbo 
niaWrials  reqiiisito  for  than-  nutntion  in  sufficient  quantity,  and  in  the  conili- 
iion  which  will  most  readily  admit  of  their  abaorpUori.  Thi3  is  accomplished 
tlm>ugh  the  agency  of  manures. 

The  most  valuable  and  encrgc-tic  of  all  manures  arc  the  cscrcmenla  of 
men  and  anunals,  inasmuch  aa  they  are  capable  of  yielding  to  Uiesoil,  througli 
their  deconipoaitioQ,  a,  large  quantity  of  ammonia  and  carbonic  acid,  and  tbo 
principal  miueral  Bubslanoea  which  enter  into  the  composition  of  plants.  Ey 
acting  as  ferments,  they  also  assist  in  rendermg  uaelvil,  materials  which  witli- 
out thorn  would  be  far  le^  beneficiiL  The  flesh  and  blood  of  dead  animals, 
fit  and  oily  matters,  hair,  wool,  skin,  lioma,  boofa,  and  bonea,  arc  also  highly 
cQieacious  as  manures.  Gitano,  which  is  the  decomposing  excrement  of  sea- 
birds,  owes  Its  value  principally  lo  the  ammonia  and  phosphate  of  hme  which 
it  is  capable  of  jiddin^  to  plants.  Tlicse  two  mgredienta,  in  the  best  varieties 
of  guano,  constitute  about  duo  tbird  of  its  entire  weiglit.  Animn!  substances 
which  docomposa  moat  readily,  such  as  ei^rement,  blood,  fieali,  ete^  yield  am- 
monia and  carbonic  acid  roost  rapidly,  and  constitute  the  most  powerful 
nianurea;  those,  on  the  contrary,  wliicli  decompose  more  slowlj-,  arc  lesa 
powerful,  but  more  laaling  in  tbeir  elTeels 

Animal  manures  exposed  to  air  are  liable  to  deterioration  by  tlie  volatiliza- 
tion and  escape  of  their  ammonia.  Tlii;y  may  also,  when  incorporated  wilii 
tbo  soil,  prove  injurious  by  evolving  a  greater  quantity  of  ammonia  and  car- 
bonic acid  tlian  plants  require  or  can  absorb.  Agricultural isla  express  tliia 
when  they  speak  of  a  manure  as  being  too  strong.  Tliese  evils  may  iie  in  a 
great  measure  prevented  by  incorporating  with  the  strong  manure  a  consid- 
erable quantity  of  vegetable  refuse,  straw,  weeds,  leaves,  peat,  etc.,  which 
substances,  being  Icsa  prone  to  decomposition,  elieck  tlio  otherwise  too  rapid 
putrefaction.  Tho  animal  products  at  the  same  time  react  upon  the  vege- 
table substances,  and  gradually  bring  tliem  inlo  such  a  stato  as  renders  them 
also  most  valuable  addiljons  to  the  soil.  Common  form-yard  manure  is  an 
example  of  a  mixture  of  this  character.  Tlie  losa  of  ammonia  may  also  be 
effectually  prevented  by  adding  to  manures  a  small  quauUty  of  a  weak  solu- 
tion of  any  add,  or  gypaum  (sulphate  of  hme),  or  copperas  (sulphate  of  iron). 

QCKIIOSS.— Wh»t  ia  feUowine  (     In  irlmt  nmnncr  can  the  largest  prodnce  be  obtained 
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803.  VugdaJjU  mamtres,  under  which  head  are  meluded  vegetable  refuse 
of  all  kidds,  straw,  laaveii,  sea-weed,  and  green  crops  which  are  merely  sown 
to  be  plowed  in,  jield  by  Iheir  decompoeition,  when  mixed  with  the  soil, 
carbonic  acid  and  small  quantities  of  ammonia  and  the  miDcral  conatitnenta 
of  plants.  They  also  render  a  soil  porous  and  retentive  of  inoisLuro  and  am- 
monia. TUey  aro  most  a  Ivantageously  used  wh  a  cmpl  yeii  n  eombinatioa 
■with  some  kind  of  animal  mannro, 

806.  Mitieral  masmres  are  generally  used  fo  specifl  pnrpo  b.  Of  these 
the  most  important  ia  lime.  This  substance  acts  meciian  cally  by  giviog  a 
proper  consistency  to  soils,  and  chomically,  by  fiicil  a  mg  tl  e  d  compoKtJon 
and  promoting  the  solubility  of  the  more  insoluble  mnerland  getablecom- 
pounda.  Quicklime  is  especially  useiul  in  soils  n  1  n  I  umus — peaty  or  mossy 
BoHa.  Soils  of  this  kind  generally  contain  an  excess  ot  acid,  which  greatly 
mterlbres  with  their  fertility;  litis  acid  is  neutralized  by  the  addition  of  time. 
Quicklime,  however,  sliould  never  be  mixed  witli  animal  manures,  as  it  (ends 
io  promote  tho  escape  of  ammonia.  Gypsum,  or  mart  which  contains  lime 
in  combination,  may  be  used  in  such  cases  with  benefii^al  results.  Wuoil 
ashes  act  upon  soils  and  roanurea  in  the  same  manner  as  lime ,  they  are, 
however,  more  valuable  than  lime,  as  they  contain  alkaline  salts  and  phos- 
phoric acid.  Sard  cool  ashes  have  but  little  value  as  manures;  they  do  not 
contain  any  appreciable  quantity  of  alkahno  salts  or  phosphoric  acid,  and 
consist  mainly  of  silica,  alumina,  oxyd  of  iron,  and  a  small  percentage  of 
aulpliato  of  lima  F/utsphale  of  lime  is  an  osceedingly  valuable  manure,  and 
03  it  is  Ibund  in  almost  all  plants,  it  may  be  applied  with  advantage  to  almost 
all  cultivated  soils.  It  exists  abundantly  m  bones  and  in  gnano,  and  in 
Emaller  quantity  in  all  oi^anic  manures  and  in  the  ashes  of  plants.  Fbos- 
phate  of  lime  is  llie  special  mineral  constituent  of  wheat,  and  its  presence  in  a 
soluble  condition  in  a  soil,  is  necessary  for  the  successful  cultivation  of  this 
cereal.  Gj/psam  or  sulphate  of  lime  is  a  valuable  addition  to  soils  wbidi  do 
not  contain  it  It  is  partially  useful  as  supplying  lime  and  sulphuric  add, 
and  partially  as  an  agent  for  lixing  ammonia.  7t  is  especially  adapted  for 
clover,  bean,  and  pea  crops. 

A  thorough  tillage,  or  a  complete  pulverizalJon  and  separation  of  the  par- 
ticles of  a  soil,  wil!  go  £ir  toward  compensating  for  a  iack  of  manures.  With 
every  increase  in  tho  comminution  of  the  particles  of  a  soil,  an  increased 
power  is  given  to  the  soil  for  the  absorption,  retention,  and  coudeusation  of 
moisture,  ammonia,  and  carbonic  acid,  an  opportunity  for  tlie  Ires  permeation 
of  atmospheric  air,  a  ^cility  to  (he  rootlets  of  plants  for  exten^on,  and  a 
consequent  mcreased  facility  for  receiving  and  appropnaljng  nourishment. 
This  hoi  is  slrikinf;ly  illustrated  by  a  comparison  of  tho  sterile  soils  of  Now 
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Kngland  and  tlie  fertile  ones  of  tlio  West.  Both  liavc  been  formed  frara  the 
disidtegration  of  the  sanie  varieiiea  of  rooks,  aod  boili  contra  tlia  same  min- 
eral (OTistituenta  in  nearly  the  same  proportion.  In  the  former,  however,  tho 
mmera!  particles  are  oxti  emely  coarse,  but  in  the  latter  they  are  noarly  in  the 
stale  of  an  impalpable  powder.  Tlie  fertile  soils  of  the  West  also  contain  a 
Ijrge  percentage  ofhutnua  in  an  advanced  stage  of  decomposition,  while  very 
oflea  the  humns  in  itio  soils  of  New  England  id  in  a  slato  allied  to  charcoal 
and  completely  insoluble. 


CHAPTER    XXV. 

ANIMAL     ORGANIZATION     AND     PRODUCTS. 

801.  Aoimal  Organization . — Inasmuch  as  all  animals  derive  their 
Hust',n,;Dce|  either  directly  or  indirectly,  ftoai  the  vegetable  kii^dom,  the  ele- 
ments which  euttr  Into  their  composition  are  essentially  tho  Bamo  aa  those 
contained  in  plants.  Most  animal  suhslances  are,  however,  more  complex 
in  their  nature  than  substances  of  vegetable  origin,  and  as  a  necessary 
coDsequeneo,  they  are  less  permanent,  and  tho  products  of  Iheir  decomposition 
are  more  numerous.  Water  and  fat  are  almost  the  only  substances  which 
contain  but  two  or  three  elements  that  exist  in  the  anunal  organism — almost 
all  the  others  being  aljio  rich  in  nitrogen,  sulphur,  and  phosphorus. 

SOS.  Proximate  Animal  CoDHtitueDlx . — Tlic chief praxiinata 
constituents  that  are  found  in  the  animal  system  are  albumen,  fibrine,  caseine, 
gelatine,  lat,  water,  and  phosphate  of  lime.  Tlie  proportions  of  solids  and 
fliiids  in  tlie  animal  body  are  very  unequal.  A  man  of  154  lbs.  weight  eon- 
laina  IIC  lbs.  of  water,  and  only  38  lbs.  of  drj- matter.  By  slow  desiccation 
this  water  may  be  got  rid  of,  when  the  body  will  assume  the  condition  pre- 
sentod  by  the  mummies  of  Kgypt  and  Peru.  The  fluids  of  the  bodv,  as  they 
exist  in  the  living  tissues,  are  not  wmply  water,  hut  Viatery  so  ut  o  s  of  va 
rious  oi^anic  and  inorganic  substances. 

Of  the  proximate  animal  consUtuenta  named  al  o  e  a  bun  en  fl  e  ind 
caseine  appear  to  have  esaentially  the  same  comp  nadp  prtesas 
the  substances  of  the  same  name  originating  in  v  tetab  o  t  =.  «.  The  two 
first  are  diffijsed  throughout  tho  whule  body ;  tho  tl  ird  is  found  only  aa  a 
Bpwial  secretion. 

809.  Albumen . — The  best  example  of  anim  albumen  o  e  nd 
in  tlie  wliito  of  an  egg.    This,  when  evaporated  to  1  jneas,  j    Ids  abou   one 
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eightli  of  solid  albumen,  tha  rest  being  water.  The  ashes  of  albumen  tbua 
obtained  qoota in  common  Bait,  carbonate,  phospbatB  and  sulphate  of  soda,  and 
phosphatfi  of  lime,  which  saline  subBtauees  cocstitulo  about  6  per  cent,  of  the 
weight  of  tbe  white  of  the  egg,  or  li  per  cent  of  the  weight  of  the  dried  albu- 
men. Tlie  yoUc  of  eggs  consist  eseentially  of  albumen,  holding  in  auspension 
drops  of  yellow  oil  This  oil  forma  about  two  thirds  of  the  WMgbt  of  tha 
j-ollt  in  a  dried  State,  and  may  be  extracted  from  the  coagulated  yolk  by 
pressure,  or  by  digestion  in  alcnhoL 

When  albumen  ia  agitated  with  water,  little  solid  l>odii'a  are  formed,  which 
under  tbe  microscope  reaetable  the  cells  wh  ch  mate  up  the  ccllul  r  t  ■laue  of 
animals,  and  are  porbapa  the  nearest  approach  to  an  o  gan  atracture  that 
man  has  yet  been  able  to  produce  artificial  y 

BIO.  F  i  b  r  I  a  e  ia  found  in  the  animal  body  n  two  dist  net  state%  t  z.  a 
a  solid  condition  in  muscular  flesh,  and  aa  a  flu  d  n  he  blood  A  p  e-e  of 
lean  beef  washed  ia  cold  water  until  it  ia  perfeotlj  w  \e  aflo  da  ua  a  ei 
ample  of  flbrine  in  tho  flrst  condition,  assoc  ated  w  th  membraneous  matter 
nerves,  fat,  etc.  It  may  be  extracted  from  tho  blood  n  a  purer  cond  on 
by  strongly  agitaUng  that  fluid,  in  ira  recent  and  warm  si  to  w  tl  a  bundle 
of  twigs.  The  fibrine  adheres  to  tliese  latt  r  n  the  orm  of  long  e  ■jsbo 
strings,  and  ia  removed  and  cleansed  by  washing  w  i  coll  wa  r  In  tha 
condition  it  contains  only  a  little  fat,  Y\fj 

whicli  may  bo  extracted  by  etiicr. 

The  lean  part  of  tho  muscles  of  all 
animaJa  consists  chiefly  of  fibnne, 
it  is,  therefore,  the  principal  constituent  ^^^^ 
of  animal  fleab.     Vig.  235  represents  > — *"  ^ 
the  structure  of  muscle  as  seen  under 
the    microscope,     the    cross    wrinklea 

1  the  hvmg  animjL  Fibrinc 
derives  its  name  from  its  peculiar  fibrous  appearance,  but  under  the  micro- 
Bcope  it  appears  to  be  composed  of  small  globules  arranged  m  strings,  A\  hen 
pure,  it  is  quite  tasteleas,  and  insoluble  both  m  hot  and  cold  water,  but  by 
long-continued  boiling  it  is  partially  dissolved  Ey  drjmg  it  shrinks  pro 
digiously  in  volume,  loaes  about  80  per  cent,  of  watir,  and  becomes  transpa- 
rent and  horny,  and  in  this  condition  may  be  preserv  ed  for  an  mduflnite  pe- 
riod. Fibrine,  wben  in  solution,  asaumea  the  solid  form  apontaneoualy,  as 
B&  soon  as  it  is  withdrawn  from  the  influence  ol  hfe  It  is  this  which 
causes  blood  to  coagulate  almost  as  soon  a'j  it  is  drawn  from  the  \cin9 — the 
coagulation  being  a  net-work  of  fine  fibers  of  fibnm  lULliismg  the  liquid  se- 
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Turn  and  coloring  principle  of  tlie  blood.  Owing  to  tliia  circumstance^  little 
or  nothing  ia  kiiown  of  Hbrine  in  tlie  soluble  state,  but  it  is  believed  that  tha 
chemical  conipositioa  of  aolubls  and  insoluble  fibrins  is  Bomewbat  different- 
Its  cnmpoaitiou  is  repreaeuted  by  tbe  formula  CmoHsioNmOhuPS. 

811.  C  a  s  e  i  n  e  ia  the  animal  system  occurs  oniy  in  miik.  Its  composi- 
tion and  properUes  have  been  already  deacribfiL     (§  106.) 

812.  Gelatine. — Various  purls  of  the  animal  body,  particalariy  the  skin, 
Ihe  teadoas,  cartil^o,  and  tbo  stiil  portions  of  the  bones,  dissolve  completely 
by  loDg  boiling  ia  water,  and  produce  a  lii^uid  wiiioh  solidiSes  on  cooling  to  it 
jelly.  The  subatance  so  produced  ia  termed  gelatine.  Chemists  do  not  regard 
it  as  existing  naturally  m  the  system,  uuismuch  as  it  ia  never  found  in  the 
fluids  of  the  body,  as  might  be  especled  from  its  ready  soliibihty  in  warm 
water ;  but  it  is  supposed  to  bo  produced  by  a  specific  chemical  change  of 
some  of  the  albuminous  prindples  by  the  action  of  the  hot  water  and  the 
osygen  derived  ftom  the  air.  Tbe  gelatine  extracted  from  cartilage  appears 
to  differ  somewhat  from  that  extracted  from  animal  memhraaca  proper, 
aud  lias  received  tlie  distinctive  name  of  ckondrlne.  The  term  carUlagc  is  ap- 
plied to  a  dry,  elastic  (jssue,  very  widely  distributed  in  the  animal  economy, 
which  sometimes  servea  to  connect  the  ends  of  bones  which  move  upon  each 
other,  and  sometimes  constitutes  prolongations  of  the  booea  tliemaelvea,  as  for 
example,  in  the  ribs,  thus  increasing  their  elasticity. 

Gelatine  is  au  important  constituent  of  the  animal  body,  and  is  obtained  fi^m 
almost  all  aolid  parts  of  it,  but  more  especially  from  the  tendons,  ligaments, 
the  inner  stem,  and  from  bonea  and  horns.  It  is  very  rich  in  nitrogen,  and 
containa  some  aulphur,  but  it  is  not  allied  to  the  proteine  group  of  subatances. 
Its  formula  ia  CiaHioNjOiS.  Gelatine  is  exclusively  an  animal  product,  and 
is  never  tbund  ia  plants,  pectioe  being  the  vegetable  jeUy  principle. 

Caramon  give  is  dried  gelatine,  and  is  prepared  by  boiling  refuse  skhi  aad 
bones,  aud  evaporating  the  solution.  The  liquor  yields  on  cooling  a  thick 
jelly,  which  is  cut  by  wires  into  thin  laj'ers,  and  dried  by  exposure  to  the 
air.  Isinglass,  which  is  the  purest  variety  of  gelatine,  is  tbe  dried  swimming, 
or  air-bladder  of  several  varieties  of  flsh,  especiaUy  of  the  stui^on.  Gelatine 
is  also  extrai^ed  Irom  the  tender  and  ligamentous  part  of  calves'  feet,  for  tlie 
purpose  of  forming  the  well  known  "calves'  foot  jolly." 

A  dilute  solution  of  gelatine  prepared  from  clippings  of  hides  coostitutrs 
the  size  which  is  usually  applied  to  paper  to  BU  up  its  pores,  and  thus  pre- 
vent the  spreading  of  ink.  The  difference  between  writing  aud  printing  paper 
consists  simply  in  tlie  factj  tliat  the  former  ia  sized,  while  the  latter  is  not,* 
•  A  cliQaptr  kind  of  airing  for  paper  is  also  prepared  bj'  bdiline  redn  irlth  a  etrong  so- 
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GelaUne  ia  largely  employed  aa  an  article  of  tbod,  in  soups,  joiliea,  cta^  but 
it  poaseasea  very  litlJe  nutritive  value.  In  an  indirect  way,  under  tlie  condi- 
tions (tf  a  restricted  diet  usually  met  with  in  a  sick  room,  ila  adininistratioQ 
in  the  form  of  jollies,  etc.,  appeara  to  be  beneficial,  as  it  seema  lo  protect  Bome 
of  the  coostituenCa  of  tlie  body  Ironi  waste. 

Grelatino  united  with  tannic  and  gallic  acids  produces  insoluble  oom- 
pouDds,  and  thg  application  of  tliis  principle  to  tho  roanufacturo  of  leather 
has  been  alrea^Iy  noticed.  Stina  may,  liowever,  be  converted  into  leather  by 
other  methods;  as  by  imprtgoating  tliem,  after  they  have  been  freed  from 
latty  matters  by  digestion  m  alkalies,  with  a  solution  of  common  salt  and 
alum,  and  then  working  thorn  nith  varieus  oils.  Glove  leather  is  prepared 
in  this  manner ;  the  still  softer  chamois,  or  wash-lealher  is  obtained  by  woit- 
ing  the  skins  for  a  long  time  with  flio  brains  of  certain  animals  or  the  yolkH 
of  e^s — the  eBect  in  both  instances  being  due  lo  the  action  of  cert^n  pecu- 
liar oily  or  fatty  substances. 

813.  Glycocoll, — By  boiling  gelatine  with  dilate  sulphuric  acid,  and 
afterward  separating  the  acid  by  chalk,  a  very  remarkable  chan^  is  effected — 
the  gelatine  l>eing  converted  into  a  swoet,  cryslallizable  subatanco,  which  ia 
termed  glycocuti,  or  sugar  of  gelatine 

814.  Grain  and  Nerve* . — The  subslanca  of  the  briun,  nerves,  and 
spinal  maJTOiv  differs  from  that  of  all  the  other  animal  textures.  It  appears 
to  be  albumen  in  a  peculiar  slate,  associated  with  certain  remarkable  fatty 
substances,  and  in  the  brain  especially  a,  lai^o  amount  of  unoxydized  phos- 
phorus is  believed  to  ba  preeent  Only  about  one  fifth  part  of  tho  nervous 
tissue,  however,  is  solid  matter.  The  phosphorus  contained  in  the  brain  is 
said  lo  amount  lo  3  or  4  per  cent,  of  its  entire  weight. 

SIS.  T  h  e  Skin  of  animals  consists  of  two  layers,  tho  skin  proper,  called 
also  the  cutis,  and  the  derma,  which  envelopes  tlie  moscles  and  tho  bones ; 
and  t4ie  outer  layer,  the  qridermis,  or  cuiick,  which  originates  from  the  for- 
mer, and  con^s  mainly  of  albuminous  cells,  which  losing  their  fiquid  con- 
tents by  evaporation,  gradually  become  C^tlencd  scales  at  the  surface.  These 
undergo  con.atant  esuTiation,  and  are  constantly  replaced  from  bencatti,  llie 
auperfiiaal  ones  becoming  dry  and  homy  (soarf  akin),  and  serving  as^  n  pro- 
teclion  to  the  sen^tivo  or  true  skin  underneath.  The  lowest  portion  of 
Die  cuticle,  resting  on  the  cutis,  is  called  tho  rete  mttcosam,  and  contains  the 
pigment  which  in  the  daik  racea  imparts  color  lo  the  skin.  This  p^ent 
Eeems  to  be  produced  by  the  agency  of  Bun-light  and  continued  liigh  tem- 
perature, and  contains  a  large  percent^o  of  carbon. 

Tlie  cuticle,  or  outer  skin  of  most  animals  is  perforated  by  numerous  smfill 
orifices,  through  some  of  which  hairs  pass,  while  others  give  [lasEftgo  to  tho 
fluids  of  perspiration,  or  allow  cerl^n  oily  fluids  to  exude.     "  In  ll:e  human 

QurBno^-8  — IVIiol  is  the  irulrtHve  Tiluo   of  gelatine?    How  i»  leallicr  f^rraerj  other 
ItumbitaDniiiEt    What  Is  clrcOMll  ?    \Vh»H8  Bolll  of  the  corapoHtfon  of  Iho  brun  and 
kin  ronBlEt?    Hnw  la  tbe  epidermis  (ormeil!    What  ii  th* 
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syatem  Iha  pores  arc  more  rumcroua  in  aome  parts  of  the  body  than  in  others, 
but  the  outer  skia  of  a  full-grown  man  is  sprinkled  over  with  about  seven 
IS  of  them,  while  the  united  Icngtii  of  (.■onain  epiral  vt'SSels  conneeted 


with  them  is  roekonod  ut  28  miles."    Tli 


igh  tlio  pores  of  the  skiu,  also, 
air  outers  aud  escapes  contiDuallj  in 
a  healthy  state  of  the  body,  as  it  does 
from  the  air-vessels  of  (he  lungs. 

represents  a  vertical  sco- 

>  sltin  greatly  magnified,  a 

cuticle,  or  outer  skin,  6  d 


the  outlets  at  the  surface 
,  /  hairs,  g  cellular  tissue, 
r  n  y  Matter  .—Hair, 
es,  feathers,  nmls,  claws, 
f  animals  are  regarded  as 
same  general  cliemical 
as  that  of  tlie  epidermis, 
ley  may  be  considered  sa 
L  They  are  insoluble  in 
soften  m  boding  water 
y  d  Sisoh  e  by  continued 
cau^luj  alkalies.  They 
everal   oily  or   fatly  s 


□CCS,  gen  rally  colored  from  which 


Ihey  derive  their  pecul 

Each  hair  originates  in  a  iittlo  flask  shipcd  fulhiJp  (/  Fi"  23C)  which  is 
Cwmcd  by  a  depression  of  the  cutis,  and  lined  by  a  continuation  of  the  cuticle. 
The  hair  grows  by  constant  prolongation  from  tliis  folliclo,  and  its  color  is 
due  to  a  peculiar  colored  oil,  which  in  bUick  hair  contains  a  considerable  quan- 
tity of  iron.  The  surface  of  the  hair  is  scaly,  and  not  smooth,  as  it  appeara 
to  tlie  naked  eye ;  and  in  the  case  of  wool,  which  is  6  modification  of  hair, 
the  edges  of  the  fiber,  seen  under  !l  microscope,  have  the  appearance  ot  a 
fine  saw,  with  the  teetli  sloping  in  a  direction  from  the  roots  to  the  points. 
Were  a  number  of  tliimblea  wiUi  uneven  edges  inserted  into  each  other,  a 
cylinder  would  result  not  dissimilar  in  outline  froai  a  filament  of  merino 
wool,  the  appearance  of  which,  under  the  microscope,  is  representfid  by  I^. 
23T.  This  peculiar  structure  of  wool  gives  it  the  property  a(  felling,  so  that 
when  a  mass  of  wool  is  allemateiy  compressed  and  relaxed,  the  little  imbri- 
cations or  scales  of  the  fibers  lay  hold  of  and  match  into  each  other,  and  thus 
compact  the  whole  into  a  solid  tissue,  orfdL  Some  varieties  of  hair,  included 
under  the  termor,  have  also  sufficiently  roughened  sur&cea  to  enable  theni 

QDSSTroNa.-^WtHl  is  said  of  the  cdmpaaltroii  ofhaSr,  hoTna,  etc.f  "Whut  of  thft  or^n 
ofliilt?  To  what  dots  bair  oire  llB  color?  What  ia  the  eilemal  Bttucture  of  hiiij 
Whj  does  irool  feltf 
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il  (a)  and  of  a 


lo  felt.    Fig.  2aa  exhibita  tlio  appoaraneo  of  the  hair  of  the  ss 
species  iif  caKrpillcr  (J),  i-ig, 

when  viewed  under  tlio 
laicroseope. 

SU.  BorBB.— The 
bones  of  anitnals  aru 
composed    of    organic 

tifllty  the  SEuoe  as  car- 
tilage, and  of  earthy 
matter,  consisting  chief- 
ly of  phoapliats  and 
carbonate  of  liinc — the 
latti^r  coni!tituling  in 
mammalia  about  two 
weigbt  of  the  bono.*  The  organic 
and  earthy  bases  contained  in  bones  may  be  e 
Thus  when  a  bone  ia  digested  for  some  daj-a  in  a  dilute  solution  of  hjdro' 
chloric  add,  the  cartliy  salts  disaolve  out,  leaving  the  cartilage  soft  and  flexi- 
ble, but  retaining  exactly  the  sliape  of  tlio  bone.  To  accomplish  this  per- 
foetly,  it  is  necessary  to  renew  the  liquor  several  time^  and  Qnally  t«  wash 
the  cartilage  with  fresh  water  until  no  trace  of  add  remains.  The  cartilage 
may  also  be  removed  by  boating  Uie  bono  for  some  time  iu  an  open  fire  with 
free  access  of  air — tlie  organic  matter  in  this  way  being  burned  away,  while 
the  bone-earth  remains. 

The  bones  of  mammalia  and  of  birds  agree  vejy  closely  in  chemical  eom- 
posJlion,  but  the  bones  of  Qsiios  vary  considerably  as  regards  the  relative  pro- 
portions of  contained  cartliy  and  oi^nic  matter.  In  what  are  called  the 
caniiiaginma  fishes,  sharks,  etc.,  tlie  bones  are  almost  entirely  destitute  of 
caler.reous  salts,  and  in  tlie  bones  of  all  fishes  tlio  proportion  of  cartilagirtous 
mafcr  is  always  greater  than  in  thoBe  of  other  vertebrated  animals;  bence 
tbo  -exibilily  of  the  bodies  of  fishes.  The  composition  of  ftsh-scalea  resembles 
tha«  of  bone,  since  they  contain  from  40  to  60  per  cent,  of  phosphate  of  lime, 
froia  3  to  10  per  cent,  of  carbonate  of  lime,  and  flxim  40  to  6S  per  cent  of 
organic  matter. 
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818.  The  Toed!  liave  esaeatiall?  the  same  composition  as  the  bone!^ 
exuept  tliat  they  contain  leas  cartilage.  The  white  external  part  oftlio  toctli 
beyond  tlie  gum,  cailed  tlie  enamel,  is  almost  wholly  wimposed  c  1  photpliato 
oFlimc,  carbonate  of  lime,  and  a  Small  ijuantity  of  fluoridn  of  cakmm  and 
coatains  only  a  trace  of  animal  matter. 

819.  Shells  aro  composed  of  a  mlxturo  of  carbon  to  and  phtspbate  of 
Umo.  Tho  shells  of  erjiatacea,  lobsters,  crabs,  ok  ubutJIj  contain  frjm  60 
to  60  per  cent,  of  carbonate  oflime,  from  4  to  5  ppr  cent  of  phosphate  and 
the  balance  animal  matter.  The  shells  of  moUusia,  oyster:  Lkma  (t^  on 
the  contrary,  are  nearly  pure  carbonatfi  of  lime,  and  contam  si.arcely  any 
phosphates  or  organic  matter. 

820.  M  i  I  k. — This  peculiar  liquid  ia  secreted  by  the  female  of  the  class 
mammalia  for  the  support  of  its  young,  and  seems  to  contain  the  same  con 
Btituents,  although  in  somewhat  different  proportions  m  all  the  different 
species  of  animals  producing  it  Milk  is  wonderiulij  adapted  for  the  offlio 
it  ia  naturally  intended  to  discharge,  \m.,  that  of  providing  materials  Tor  tlio 
rapid  growth  and  development  of  the  young  mammalian  animal  inasmuch 
as  it  contama  caseine,  a  nitrogenous  matter  nearly  idi-nticJ  in  composition 
with  muscular  flesh,  fat,  sugar,  and  various  salts,  tiie  most  important  const  tu 
ent  of  the  latter  being  phosphate  of  lime.  This  last  ig  held  m  complete  sola 
tion  in  the  slightly  alkaline  liquid,  and  sustiins  an  impcrtant  r  htion  to  the 
firma'.ion  and  growth  of  bone.  The  following  analyaia  exhibits  the  com 
positionof  1,000  parts  of  cow's  milk  in  a  fresh  6tate 


Woman's  milk  contains  more  augnr,  but  less  caseine  and  butler  tlun  the 
milk  of  the  cow.  The  latter  is  not  so  well  adapted  to  the  functional  wants 
of  the  child,  but  may,  be  improved  by  diluting  it  with  water  and  sneetening 
it  with  sugar,  the  elfeet  of  which  is  to  reduce  the  percent^e  of  the  mtrogen 
izjd  element,  the  caseine,  and  render  it  moivsmtablo  for  digestion  and  assimi 
latioa.  "  Milk,  moreover,  is  not  suitable  as  the  sole  nounshment  of  adult 
life,  since  it  does  not  contain  in  sufficient  quantity  those  phosphorized  ccm 
pounds  which  are  necesaaiy  to  repair  the  wasia  of  the  fjasues  nhich  at  this 
period  are  more  active  than  in  infancy." 

When  milk  is  viewed  under  a  microscope  of  moderate  power,  it  la  seen  to 
consist  of  a  perfceOy  traiiBparent  liquid,  in  mliieh  are  suspended  n 

QBrani>HB.— What  is  tho  compoBlUon  of  the  teeth  (   Ofeholls!    Whai 
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globulaa  of  fat,  as  ia  repreaented  in  Fig,  Fio.  239. 

239.    These  globules  are  tlie  butter,  and 

imunlf  give  to  milk  its  opaque,  wliite 

appearance.      Wbon  milk  is  allowed  to 

Bland,  tbo  globules,  by  virtue  of  their 

low  specific  gravity,  rise  to  tlio  surlaeo, 

and  form  a  layer  of  cream,  and  by  strong 

agitation  or  nliumiog,  lliey  may  be  fiir-    I 

tlier  made  to  coalesce  into  a  mass,  and 

form  "butter."    ]t  ia  also  believed  that 

each  lai  globule  is  inclosed  in  a  tittle  sack 

of  oaaeine,  which  is  ruptured  by  the  agita- 

tkiQ.    During  tlie  operation  of  churning, 

oxygon  ia  absorbed  lh>m  tiio  aiir,  tlie 

temperature  rises,  and  the  milk,  if  not  already  acid,  turns  eour. 

Butter  consists  of  a  rtuxture  of  margarine,  oleine,  and  a  peculiar  roiatile, 
odoriferouH  principle  termed  butyrine,  which  contains  butyric  add.  In  order 
that  butter  sliould  keep  well,  it  is  necEsaary  that  tlie  buttermilk  should  be 
thoroughly  freed  from  it,  since  the  caseins  and  albumen  contained  in  this 
readily  undergo  decomposition,  and  produce  an  acid  fermentation  wliiuh  sop- 
orates  the  butyric  acid  and  otlier  vohitjle  acids,  and  imparts  to  the  butter  a 
disagreeable,  rancid  taste.  This  same  object,  i.  e.,  tlie  preservation  of  butter, 
can  be  also  attained  by  melting  the  butter,  when  the  watery  part  subadea 
and  carries  with  it  the  azotized  matter.  The  Havor  of  the  butter  is,  however, 
eomewhat  impaired  by  thU  process. 

B21.  Milk,  when  in  a  freali  state,  is  always  feebly  alkaline ;  but  it  soon 
soars  in  the  air,  pa'ticularly  in  warm  woatiier — lactic  acid  being  developed. 
The  presence  of  this  acid  causes  Ite  caseino  to  coagulule,  or  become  inso- 
luble, when  it  separates  in  clots,  carrying  the  fetty  globules  with  it.  Milk  in 
Uiia  condition  is  said  to  be  furnai.  This  change  may  be  prevented,  without 
iojurir^  tbe  quality  of  the  milk,  by  the  addition  of  a  minute  quantity  of  car- 
bonate of  Boda. 

823.  C  li  e  e  a  e  is  a  mixture,  in  various  proportions,  of  coagulated  caseine 
and  butter.  The  caseous  matter  ia  separated  in  the  form  of  cheese,  by  leav- 
ing the  milk  for  some  litlje  tjme  at  a  temperature  of  120°  P.  in  contact  with 
a  piece  of  tlie  lining  membrane  of  the  atomaoli  of  a  calt;  which  is  called  ren- 
net This  by  its  presence  is  believed  to  cause  a  sort  of  acid  fermentation, 
which  causes  the  milk  to  separate  into  a  solid  wbite  opaque  curd,  and  a  thin, 
translucent  mhey,  the  former  consisting  cliioHy  of  caaeine  and  butter,  luid  tlie 
latter  of  water,  hulding  m  solution  most  of  the  saline  constituents  of  the 
milk,  together  witli  the  milk  sugar.     Tlie  coa^ulum  thus  obtained  is  sepa- 


butter  collect 
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rated  from  the  whey  by  strainmg ;  tlien  draiaed,  mixed  with  a  portion  of  salt, 


and  somctimea  other  coudimouts,  and  subjected  K 

eheeao,  which,  when  kept  for  several  montlia  in  a  cool  t 

kind  of  putrelaction,  ami  obtains  thereby  a  peculiar  t 

goodoeaa  of  cheese  deponda  upon  the  proportion  of  cream  leH  in  the  milk, 

sad  upon  the  method  of  ita  manufacture. 

B2a.  Blood  .^"  Tlie  blood  ia  the  genera]  circulating  fluid  of  tho  animal 
body,  tho  source  of  all  □ulj-imont  and  growth,  and  the  general  material  fiom 
which  all  the  secretions,  however  much  they  may  differ  in  properties,  are 
derived.  It  also  serves  tlie  Bcarccly  less  important  ofEee  of  rcmov  ing  and 
carrying  off  from  the  body  principles  which  are  hurtful,  or  no  longir  re- 
in all  vcrtcbralcd  animal^  viz.,  man,  mammals,  birds,  reptiles,  and  fishes, 
the  blood  has  a  bright  red  color ;  while  in  tho  invertebrata,  s 
Crustacea,  mollusca,  and  zoophytes,  it  is  very  often  colorless,  bi 
tinged  with  red,  yellow,  green,  or  other  hues. 

£24.  Composi  tioD  of  the  Blood —Tho  bkod  as -^en  under  the 
microscope,  circulating  in  the  vessel*",  appears  to  oonoiht  of  a  colorless  hquid, 
holding  in  suspeuMon  little  glcbuloa,  caUe  1  mrpaschis  or  celK  Some  of 
these,  in  mau,  are  while,  but  most  are  red,  and  gn  e  to  the  blood  its  color 
The  red  corpuscules  vary  in  aze  aod  ihapo  m  different  'jnimalo,  and  the  mi 
troacopist,  taking  advantage  of  tlua  cui'umst'moe  is  enal  led,  evon  after  the 
oof  years,  to  distinguish  in  tho  dried  "tJin,  human  from  animal  blotd, 
with  eerlamtj  n  hether  a  particular  ipol  is  occasioned 


The  product  is 
ation,  undergoes  a 
;  and  odor.     The 
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by  blood  or  some  other  hquid. 

In  man  they  appear  aa  circular 

flattened  disc,  having  an  average 

diameter  of  1  J300th  of  an  inch 

and  a  tliiokne'JS  of  1  I24,000tb 

In  reptiles  they  are  elliptical  and 

larger  than  in  man.     Fig   240 

represents  their  appearance  in 

human    hlood    magnified    EDO 

diameters,  and  Fig.  241  their  ap- 
pearance in  the  blood  of  a  frog, 

magnifled  250  diameters.  When 
dried,  they  form,  in  man,  on  an  average,  about  13  pi 
weight  of  fresh  blood. 

In  man  and  all  warffi-hloodcd  animals,  the  color  of  the  blood  in  the  arteries 
is  of  a  bright  scarlet,  whQe  in  the  veins  it  is  dark  red.  Tlicse  changes  of 
color  are  primarily  due  t<»  the  action  of  atmospheric  oxygen  upon  the  blood, 
while  passing  through  the  lungs. 


of  the  whole 


HnjtcdbyGoOglc 


ANIMAL     OKGANIZATION     AND     PRODUCTS.       491 

The  fluid  of  the  corpuselea  contains  tho  coloring  matter  of  the  blood,  ■which 
is  called  luei/iaime,  particles  of  tat,  a  colorlees  substance  called  ghMin^  which 
resemblea  caaeino  in  its  propertiea  aod  composiljoti,  and  various  saline  mat- 
lera.  SiemaiiHe  is  remarkable  for  containing,  as  an  essential  ingredientj  oxyd 
of  iron,  which  may  be  easily  extracted  and  tested  by  igniting-  a.  little  dried 
clot  of  blood  in  a  crucible,  and  di;;e3ting  the  residue  with  liydrodiloric  acid ; 
the  solution  thus  obtained,  gives  PnissiaJi  blue,  with  ferrooyanide  of  potassium. 
The  colorless  corpuscles  of  the  blood  are  supposed  to  contain  printapally 
fet. 

The  colorless  liquid  surrounding  the  blood  corpuscles  is  water,  holding  in 
suspension  or  solution  a  great  number  of  diSferent  substances,  viz.,  albumen, 
fibriue,  &t,  and  a  great  number  of  salts,  Em:h  as  tho  pliosphat^^a  of  soda, 
lime,  and  magnesia,  the  carbonates  and  sulphates  of  potash  and  soda,  and 
the  olilorides  of  potassium  and  sodium.  It  also  contains  several  gases,  oxy- 
gen, carbonic  acid,  and  nitrogen,  arising  from  the  action  of  air  in  the  lungs. 
A  healthy,  full-grown,  average  sized  man,  contains  about  20  lbs,  of  blood ; 
1,000  parts  of  which  consist  of  700  to  790  parts  water,  60  to  VO  albu;iien,  2 
or  3  Sbrino,  1'4  to  3  of  &t,  and  10  of  mineral  salts. 

The  heat  of  the  blood  depends  m  a  great  degree  upon  tlie  activity  of  tho 
process  of  respiration.  In  man,  when  in  a  stale  of  health,  Its  temperature  re- 
mains, under  alrao.=t  all  circumstances,  in  tha  extreme  cold  of  the  polar  re- 
gions and  under  the  tropics,  at  about  08°  F.  In  bu^s,  the  temperature  is 
Bometimes  as  high  as  108°  F.  In  flslies,  it  is  about  that  of  the  water  in 
which  they  hro.  Animals  whose  temperature  is  but  little  highii  tlian  tlio 
medium  in  which  (boy  live  arc  called  cold-blooded,  while  tiioso  whoso  tem- 
perature is  warmer  than  the  air  wliioh  surrounds  them,  are  called  warm- 
blooded. 

In  is  ordinary  stat;-,  tho  blood  has  a  decidedly  alkalme  reaction,  a  saline 
taste,  and  a  peculiar  odor.  TV'hen  taken  finm  the  living  animal,  it  soon  un- 
dei^oca  spontaneous  coEigulation,  and  separates  into  two  portions;  one,  a 
pale,  yellowish,  slimy  fluid,  called  tlio  seram,  Uie  other  a  gelatmous,  red 
mass,  called  the  dot,  or  coagidnm.  Tlio  former  contains  nearly  all  Uie  albu- 
men and  saUne  constituents  of  tho  blood,  while  tho  latter,  as  before  stated, 
is  produced  by  the  coagulation  of  the  fibrino,  which,  "  although  oonstitutiag, 
when  dry,  a  very  small  proportion  of  the  whole,  yet  in  the  bulky  and  swol- 
len condition  in  which  it  separate  is  voluminous  enough  to  entangle  in  its 
nel>work  of  flbcrs  the  whole  of  the  coloring  matter,  and  cause  its  mechanieai 
separation."  The  cause  of  the  coagulation  is  not  fully  dolermined ;  the  ad- 
tUtion  of  certain  saline  substances,  such  as  a  saturated  solution  of  chlorids 
of  sodium,  either  retards  or  prevents  it ;  wliile  alum,  and  the  oxydsof  zinc  and 
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copper,  promote  it  Tlic  blood  of  peraona  also  who  have  died  a  sadden,  Tio- 
lent  death  by  some  kinds  of  poison,  or  Irom  mental  emotion,  is  usually  found 
in  a  fluid  state.* 

825.  nutrition  ,~The  conslant  waste  of  the  animal  body  consequent 
on  the  discliarge  of  Iho  yarioua  functions  nocassary  to  the  support  of  hfe,  ro- 
quires  that  an  equally  constant  supply  of  new  material  should  be  afforded, 
from  wliich  the  rtpaira  and  renewals  of  tlio  system  may  be  effected.  Tliia 
end  is  accomiilished  throush  tlio  agency  of  food,  which  in  all  animals  con- 
sista  of  protein  in  its  tarioua  forma  (albumen,  fibrine,  caseine,  etc.),  Btaroh, 
,tugar,  gum,  and  fat,  to  which,  in  the  case  of  flesh-eating  aniniala,  gelatine 
must  be  added.  Food,  or  nouriEhmcnt  from  without,  cuji,  however,  be  only 
made  arailablo  for  the  wants  of  Hio  system  by  being  first  convertpd  into 
blood,  and  this  is  effected  through  tho  agency  of  various  processes,  which  are 
collectively  termed  digeaUon. 

826.  Digestion. — The  various  acts  of  the  function  of  digcatioo  are  aa 
follows : — From  the  mouth,  where  tho  food  is  eliewed  by  the  teeth  aad  moisli' 
ened  by  the  saliva,  it  passes  into  tho  stooiaoli. 

The  icdiva  is  secreted  by  glands  which  open  into  tbo  interior  of  the  mouth, 
and  consists  chiefly  of  wat«r,  holdii^  in  solution  nbout  1  por  cent,  of  salme 
matter.  The  quantity  of  saliva  produced  in  a  fhil-grown,  healthy  man,  in  llio 
course  of  24  hours,  varies  from  8  to  21  ounces.  Its  chief  office  soems  to  bo 
to  dilute  the  food  and  assist  mastication  and  deglutition ;  but  it  is  also  sup- 
posed to  act  chemically,  throagh  the  agency  of  a  pecuU^ir  organic  substance 
contained  in  it,  termed  plj/eiine,  whieli,  lilie  diastase,  Is  capable  of  converting 
the  starch  and  gum  of  the  food  into  si^ar.  Its  action,  however,  in  this  re- 
spect, is  probably  veiy  limited. 

The  food,  having  reached  the  stomacli,  is  subjected  to  tho  action  of  a  po- 


Ticnt  pnrt  of  tbB  oi^nlsni,"  a.iys  Lichig,  '■ 


<  organs  which  are  beli^  formed.    Tbe  diemlcnl  fores  nnd  Ihe  vilul  piinciiilo 

stevi^r  canse  It  may  proceed.  tXccta  >  change  In  the  blood.  In  fact,  it  poseesBos 
permanence,  that  it  csn  not  be  removed  from  the  borlj.  witbont  inimeiltatety  suf- 
change.  and  can  not  come  In  contact  wiUi  any  organ  in  tbe  body  witboul  yielding 
Taction.  The  BlighlcBt  action  of  a  chemical  agent  upon  the  blood  eierf  iscs  an 
s  Influence ;  ctco  tbe  raomeDtar)'  eentaet  of  the  ^r  la  the  Innga.  altbougb  ef- 
irougb  tbe  medium  of  cells  ud  membranes,  altera  the  color  and  otimr  qualities 
lood.  Every  ehcmlcal  action  propagBtes  ir^lf  tbrougb  tbe  mafis  of  the  blood : 
iple,  the  active  cliemifsl  condition  of  tlie  constituente  of  a  body  nndergiring  de- 
Uon,  t^rmcntatlon,  putrefaction,  or  decay,  dieturbs  the  equillbriDm  of  tbe  cbem- 
e,  and  the  vital  principle  in  the  clrcnUting  fluid,    fiumerona  modlBcations  In  the 

o  the  conflict  of  the  vlMlforconIili  the  ohomuial  affiuity.ln  their  inccseanl  en. 
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culiar  fluiii,  ciiUed  the  gasirk  juice,  which  flows  out  of  minute  openinga  in 
tho  inner  aurfacc — or  mucous  membrane,  as  it  ia  called-of  the  stoiuach, 
Tliis  fluid  possesses  the  power  of  dissolving,  at  the  temperature  of  the  body, 
the  niln^nized  alimentary  principles,  such  as  alliumeo,  fibrino,  elo.,  but  ex.- 
erls  oo  solvent  action  upon  starchy  or  fatty  substanceB.  These  last,  however, 
through  the  joint  action  of  the  saliva  and  tlieua^orm  warmth  and  motion  of 
tlie  muscular  walls  of  the  etomach,  are  all  brought  into  a  semi-fluid  state  In 
what  manner  Uie  gastric  juice  is  enabled  to  offoct  tlie  reduction  of  nitn^n- 
ized  food  to  a  nearly  fluid  condition,  is  not  known.  It  is  said  tfl  contain 
free  hydrochloric  acid,  and  an  organic  principle  called  pepsin,  and  to  the 
joint  ioflueuco  of  Ihcso  two  the  solvent  power  of  tlie  gastric  juice  has  been 
attributed,* 

The  amount  of  gastric  juice  secreted  by  the  stomach  of  a  well-fed,  grown 
man,  has  been  estimated  at  from  60  to  80  ounoa  in  every  34  hours 

Digestion  generally  commences  immediately  after  flie  iiitrodiictioQ  of  food 
into  the  stomach,  and  is  usually  finished  in  about  four  liours — the  food  being 
converted  into  a  grayish,  gruel-like,  slightly  acid  palp,  called  chyrne.  Tliis 
chyme  passes  from  the  stomach  into  tlio  upper  part  of  Ihe  small  mtostioes, 
called  the  daodenwit,  where  it  is  moistened  by  two  sahi  a  like  liquids  the  hUe 
and  the  pancreatic  jaiee,  whieli  are  secreted  by  peculiar  organs  termed  res- 
pectively tho  gallbladder  and  the  pancreas.  Tlie  action  of  the  bile  on  the 
food  is  not  well  known,  but  tho  pancreatic  juico  acta  instantaneously  on  tho 
non-nitrogenous  alimentary  substances,  converting  slarth,  etc,  into  sugar, 
and  the  fiitty  matters  into  an  omulaon  which  renders  them  fit  for  absorption. 
AAer  undergoing  Uie  action  of  tliese  liquids,  the  nutritious  natter  presents  a 
uniform  milky  appearance,  and  is  termed  diyU.  In  tliis  condition  it  is  nearly 
all  absorbed  by  a  system  of  vessels  called  the  laeteais,  which  torminato  in  a 
common  ieaervoir — tho  Vwracic  duct — i/liidi  in  maji  is  about  the  siije  of  a 
large  goose-quHl  Tha  tlioracic  duet  lermioatos  in  a  large  vein  near  the  left 
shoulder,  ani  into  lliis  Uio  chyle  ia  discharged  and  passes  forward  to  tha 
lungs,  whero  it  aBsumca  a  red  color  and  becomes  blood. f 

■  Some  years  Bin ca  a  French  Caia^lan  by  tlie  name  of  Bt.  Mnrlin. -pas  fleverelj  injured 
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That  part  of  Ihc  food  (clijle)  which  13  insoluble,  or  uafit  for  a.  umlah  n,  t 
left  UQabsorbed  by  tbo  lacteala,  and  paaaea  off  through  the  mt  t  a  n  Ihe 
form  of  excrementitiou3  matter.     ''  How  effectual  the  digestiv   proc  a 

exhausting  what  we  eat  of  its  nutritive  matter  may  be  judged  f  f  m  Hie 
fact,  that  a  healthy,  grown  man,  fed  with  ordinary  diet,  rejects  f  nd  gt  ted 
and  of  wasted  or  used  up  matter,  both  taken  together,  only  fr  m  f  u  si 
ouncea.     And  this  rejected  matter  consists  of— 


0,'WJJ  '■ 


Or  he  disehaT^es  one  [0  one  and  a  half  ounces  of  dry  solid  matlet  daily." — 
Johnson.  • 

■*•*  Respiralion  . — All  animals  as  -well  33  yegetablca  require,  for  tbe 
proper  performance  of  their  various  functions  and  tbeir  continued  exiaience 
in  a  living  Btate,  a  free  supply  of  atmosplieric  air  as  well  s,s  a  supply  of  food. 
It  ia  also  necessary  that  tliia  wr  ahould  havo  free  access  to  tlie  interior  of  their 
Elructure,  and  the  act  or  process  by  wliich  this  ia  accomplished  is  termed 
Sr^iration. 

The  organs  by  which  the  net  of  respiration  is  porformod  differ  essenHally 
in  different  speoioa  of  animals.  In  the  lowest  types  of  the  animal  kingdom, 
as  the  polypes,  respiration  ia  accomplished  exclusively  through  the  akin.  In- 
aecia  ^ao  draw  in  air  into  their  system,  or  in  other  words,  breath,  by  means 
of  oi^ans  called  Iracheis,  or  wind-pipes — tubes  which  penetrate  in  various 
directions  tiirough  their  bodies,  and  terminate  externally  in  little  orifices 
called  slomatft.  If  we  amear  the  body  of  an  msect,  as  a  wasp,  with  tliick  oil, 
we  close  up  the  stomata,  and  tlio  insect  speedily  dies  of  suffocation.  All 
vertebrate  animals  are  endowed  with  localized  organs  of  respiration,  wliioh 
are  termed  hmgs,  or  gills.  In  man  and  tba  higher  animals,  the  "  lungs  con- 
sist of  two  rounded,  oblong,  somewhat  Hattened  massoa,  of  very  cellular  sub- 
stance, situated  ui  tbe  cavity  of  the  chcSt,  and  communicating  with  the  at- 
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Jia.  242. 


m  sph       thr  u;,!     1      wind 
ppe         acl  ,E     It   g  n  ral 

rep  es  uted  n  Fg  21  The 
a  n  dipe,aiiistde 
Bcenda  from  the  throat,  branch- 
es off  into  large  (broncliial) 
tubes,  c  c,  flod  these  again  ialo 
Emaller  and  still  smaller,  and 
finally  into  hair-like,  or  capil- 
lary TGSSeR  These  capillary 
tubes,  in  turn,  communicaite 
with  little  air-celUl  coDtaiaed 
in  an  elastic  membrane,  so 
minute  that  the  number  esistr 
iiig  in  the  lungs  of  a  full-grown 
man  is  estimated  at  600  mil- 
lions, and  between,  or  imbed- 
dedin  theao  cells,  blood-veaseis 
equally  minute  are  distributed 
in  every  direction.  The  ap- 
pearance of  tho  air-cells  and  blood-vcgsels  of  tl 
microaeopa,  is  rcpreaeuted  in  Fig.  243. 

n  of  tho  lungs  iu  respiration  is  analogous 
on  of  the  leather  of  a  pair  of  bellows. 
I  When  we  inAale,.the  eavily  of  tho  chest  or  thorax  is 
H  expanded  by  muscular  acdou,  and  a  vacuu?n  igjbrmed 
B  around  ihe  limga,  in  consequence  of  which  tho  exlor- 
BBtantly  rushes  ia  and  penetrates  to  tlie  re- 
arts  of  the  cellular  subslance.    When  wo  ao- 
H  ftofe,  tho  thorax  contracts,  and  the  air  contained  in  tho 
S  lungs  is  expelled,  tho  muscles  of  tho  wind-pipo  at  the 
le  contracting  in  order  to  assist  the  procesa 
g  In  ordinary  respiration,  a  man  makes  IT  or  IS  respi- 
rations' per  minute,  during  eaeli  of  which  ho  draws 
n  about  20  oubio  inches  of  air,  or  between  3  and  4 
E  thousand  gallons  per  day.    In  mau  also  the  skin  is  to 
%  respiratory  organ,  ttirough  which  air 
d  esc  -        - 

Uio  lungs,  though  leas  rapidly.* 


ccn  under 


FlO.  243. 
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The  composition  of  the  air  which  eecapea  from  tlio  lunga  ia  oot  the  same 
as  that  which  eatera,  luid  is  fbuud  to  cotitaia  a  greatly  increased  quaiitit;  of 
carboaio  acid  and  vapor  of  water,  and  a  diniinislied  pereeotage  of  oxj-gen ; 
the  quantity  of  nitrogen,  liowever,  remaina  nearly  unaltered. 

The  amount  of  pure  carbon  which  ia  tlirown  off  from  the  lungs  of  a  full-grown 
man,  in  the  farm  of  carbonic  acid,  in  a  sjiuce  ol  S4  hours,  varies  from  5  to 
15  ounces;  while  the  quantity  whii-h  e^eapca  horn  the  skin  also  during  tho 
same  period,  hy  respiration  la  eatimated  at  from  51)  to  60  grains.  Tlie 
amount  of  water  e-diaipd  from  the  lungs  and  skin  in  24  hours  probably 
averagea  about  3  or  4  pounds. 

The  lunga  extract  or  aljsorb  from  the  air  which  enters  them  from  ono 
seventh  to  one  fifth  of  its  oiygen,  and  the  ibsolute  weight  of  the  oxygen 
thua  introctuccd  into  tlio  system  in  a  day,  ia  estimated  to  be  equal  to  about 
one  fourtli  of  the  weight  of  tho  whole  food,  solid  and  liquid,  which  an  ani- 
mal consumes.  The  absorption  of  oxygen  takes  place  in  the  minute  air- 
cells  of  the  lung^  through  the  thin  membraneoua  walls  of  which  it  pasaes  by 
the  action  of  endo«nosis  into  the  adjacent  blood-vessels,  and  combines  wilh 
the  blood  contained  in  them,  imparting  to  it  the  bright  scarlet  color  which  is 
eharaoterisljc  of  arterial  blood. 

837.  Uses  of  Respiration  .—From  what  has  been  already  ?aid,  it 
must  appear  evident  that  tho  principal  object  of  respiration  is  to  introduce 
oxygon  into  the  blood,  which  contains  the  nutritive  portion  of  tho  food  taken 
into  the  stomach.  The  purpose  which  oxygea  subserves  in  the  blood  is 
three-fold : — 

I.  It  assials  in  buUding  up  ike  subeiaiu^  of  Sie  body,  Tlie  composition  of 
glaten,  albumen,  and  the  other,  nitrogecized  vegetable  principles,  is,  aa  has 
been  before  stated,  very  nearly  the  same  as  that  of  the  corresponding  prin- 
ciples in  animai  tissues ;  yet  chemical  investigations  have  shown  tliat  tho 
former  require  to  be  combined  with  a  certain  proportion  of  oxygen  before 
they  can  become  incorporated  in  the  sabstanco  of  the  body.  This  oxygen 
is  supplied  through  the  luQga,  but  the  quantity  thus  used  fijr  restorative  pur- 

II.  It  a^sisls  i«  rentaving  vnsle  and  efJe  mafi-Ts  fiom  Ike  system  The 
cspenditure  of  every  kind  of  force  in  tho  animil  bj  stem  ii  accompanied  bv, 
or  requires  an  expenditure  or  chango  m  animal  matti  r  The  particlea  of 
matter  which  have  once  undei^no  auth  chinge,  or  have  (oce  dischirgel 
their  functions,  become  inoperative,  or  waste  and  their  removal  from  the  ays 
torn  is  necessary  to  a  continuance  of  heilthy  action  Sow  the  igent  vhich 
mainly  effects  tho  change  in  the  first  instance,  and  removal  of  the  waste  pro- 

Qbestionb.— What  ialhecompoeiltoiiof  theainrbieh  escapes  from  thelnnRBf    Whal 
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duels  in  tlio  second,  ia  the  oxygen  absorbed  by  the  blood  in  tbe  lungs. 
Thua  musi-le,  by  the  addition  of  osygen,  becomes  deconipoaed,  and  pEusses  in 
a  Slate  of  solution  into  the  veins,  from  whence  it  is  secreted  by  various  organs, 
nnd  flnaJly  thrown  out  from  the  system. 

Urine  — The  channel  through  which  moFt  of  the  products,  of  the  de- 
composition of  the  azotised  bodies  nnd  many  of  the  waste  mineral  salts  pass 
out  of  the  body,  is  tlie  urine.  Tliis  liquid,  which  is  secreted  by  the  kid- 
neys from  the  blood,  also  serves  to  remove  any  superfluous  water  fVom  the 
system.  Ila  principal  constituents  are  two  complex  oi^anic  substances 
termed  urea  and  vric  tjorf,  which  are  composed  of  carbon,  hydrogen,  nilro- 
gen,  and  oxygen,  and  readily  furnish  by  their  decomposition  various  salts  of 
ammonia.  In  addition  to  these  products,  urine  contains  phospliates  of  lime, 
magnesia,  and  soda,  sulphates  of  potash  and  soda,  chloride  of  sodium,  lactic 
acid,  and  oertaJn  imperfectly  known  organic  principles,  including  a,  coloring 
and  an  odoriferous  substance.  All  these  substancea  exist  in  the  urioe  dis- 
solved in  water,  which  constitutes  more  than  nine  tenths  by  weight  of  the 
whole  secretion. 

III.  Tlie  absorption  of  oxyjcTi  producer  animal  heaL  This  ia  accomplished 
by  the  oxydation  or  combustion  of  the  constituents  of  the  non-nitrogenized 
food  exisliug  in  tbe  blood.  The  reasons  which  load  us  to  thia  inference  may 
bo  briefly  stated  as  follows : — 

If  a  fat  animal  bo  deprived  of  nourishment  for  some  days,  it  will  rapidly 
diminish  ia  weight  Tills  result  is  the  necessary  consequence  of  the  fact, 
that  the  animal  is  continually  throwing  off  carbonic  acid  and  water  from  the 
lungs  and  skin,  and  urea  .stvl  mineral  constituents  tlirough  the  excretory 
organs,  and  receivmg  no  ibod  to  repluee  them. 

If  we  examine  the  condition  of  an  animal 'after  this  period  of  starvation,  we 
find  the  loss  of  weight  and  substance  is  most  remarkable  in  the  fat  ol'  the 
body,  which  has  diminished  in  far  greater  proportion  than  any  of  its  other 
constituent  substances.  Careful  examination  also  shows  that  this  fat  has 
not  passed  off  as  liquid  or  solid  excrement,  but  has  been  converted  in  the 
Wood,  by  oxydation,  into  carbonic  acid  and  water,  and  in  thia  condition  has 
been  breathed  away  through  the  lungs  and  skin.  I^  however,  instead  of 
slarving  the  anima),  wo  give  it  abundance  of  fat  in  its  food,  then  ^o  &t  of 
itj  own  body  will  sufTer  no  diminution,  but  the  o.xj^n  taken  into  the  blood 
will  transform  the  fat  of  the  food  into  carbonic  acid  and  water,  and  these  will 
be  breathed  out  of  the  lui^  as  before.  The  same  end  will  also  be  attuned 
if  instead  of  &t  we  ^ve  food,  like  atarch  and  sugar,  which  is  analogous  to 
Ell  in  its  composition. — Johnson. 

Now  when  carbon  and  hydrogen  componnds,  i.  t..  Sat,  starch,  sugar,  etc, 
are  oxydized  or  burned  in  the  open  air,  carbonic  acid  and  vapor  of  water  are 
produoed,  and  hmt  is  evolved.  The  same  aclion  must  necessarily  be  attended 
with  the  same  results  in  the  body,  and  we  have,  therefore,  an  explanation  of 
QuEBTio^rs. — "What  ia  urinef  What  la  th«  camporitian  of  tJiLa  &»retl«nF  What  third 
piirposik  U  Biibaerved  byoTyi^n?  IIqv  dopfl  the  absorption  of  d^^d  occadoa  BDLmal 
beat  I    What  reasDoa  lejjl  la  Ibis  icfecence  I 
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miimal  hcaL  Furtlicrmore,  all  eiporiracnta  Ehow  that  tlia 
amount  of  boat  t'onerated  by  burning  (oxjdating)  a  oertain  ijuantity  of  Fat, 
etc,  IB  the  Bajne,  ■whether  the  corabustioa  takea  placo  in  a  furnace  or  in  tlis 
aDimal  sjatem. 

The  oIJ^^ation  of  fat  and  tlia  other  constituents  of  the  blood  is  supposed  to 
take  place  mainly  iu  the  minute  vessels  or  paas-<?es,  termed  capillary  yesapla, 
■which  unite  tlio  uldmalc  subdivisions  of  the  v  J9  and  arteKea,  and  are  dis- 
tributed over  every  part  of  the  body  whero  nervous  inQuonce  is  perceptible. 
Jn  these,  the  arterial  blood,  coming  from  the  laiigs  and  possessing  a  scarlet 
color,  gives  up  its  oxygen  to  the  subalnnccs  with  which  it  is  brougbt  in  co;:- 
taet,  and  receives  tn  return  the  products  of  oxydation,  carljonic  acid  and 
water.  It  also  changes  in  color  from  a  bright  to  a  dark  red,  and  returning 
throagh  the  veins  to  tho  lungs,  through  the  action  of  the  heart,  passes 
into  the  minute  hlood-vessels  of  tlie  lungs,  ivhich  sro  surrounded  by  the  aii^ 
cells.  Here  tho  carbonic  add  and  excess  of  water  pass  out  through  the 
walla  of  the  membraneous  tissue  inclosii^  tliem  through  endosmotic  action, 
andby  the  act  of  exhalation  are  forced  into  the  iur;  while  at  the  same  time 
oxygen  from  without  ii  by  similar  means  carried  inward,  and  the  blood,  re- 
stored to  its  Brl«Tai  conilition,  returns  upon  its  circuit  to  effect  tho  same 
changes  and  undergo  tho  same  transformation. 

Animals  whose  respiratoiy  organs  are  small  and  imperlect,  and  which,  there- 
fijre,  consume  but  a  comparatively  small  amount  of  oxygen,  possess  a  bodily 
temperature  but  little  elevated  above  that  of  the  medium  in  which  they  Uve ; 
animals,  on  tlie  contrary,  whose  lungs  are  lai^  in  proportion  to  their  bodice, 
and  respire  frequently,  possess  tlie  highest  bodily  tomperature.  In  man 
the  mean  temperature  of  the  body  is  about  98°  F.  Tho  temperature  of  a 
healtliy  child,  who  consumes  proportionally  more  oxygen  and  respires  more 
frequently  tlian  an  adult  person,  is  somewhat  h^her,  102°  P  In  hu^  tlie 
fc'mperaturo  is  from  101°  to  108°  F.  The  tomperature  of  the  same  anunal 
also  at  diiiferent  times,  varies  with  the  aotivity  of  the  respiration,  "n  hen  tho 
blood  circulates  slowly,  and  the  temperature  is  low,  tho  quantity  of  owgeu 
consumed  is  comparatively  small ;  when,  on  the  cootrary,  tlio  circul  itJtn  by 
vigorous  exercise  or  labor  is  acceleratoil,  a  large  quantity  of  o\j  gen  disap- 
pe.113,  and  tlie  animal  heat  rises. 

828.  Mature  and  Funclioos  of  Food.— A  careful  consider 
aUon  of  all  the  feels  connected  .with  the  subjects  of  nutrition  and  respiration, 
has  led  to  the  division  of  all  animal  nutnments  into  two  great  clasaes,  iiz 
those  which  are  devoted  to  the  repair  and  nutnment  of  the  bodj  iiid  thoso 
nhose  duty  it  is  to  furnish  animal  heat  bv  combustion  in  the  blood  The 
former  have  been  termed  by  Liehig  thapiastie  elenieats  of  n-uirii  o>  and  the 
latter  the  elements  of  ■respiraiion. 
(tcisnosa, — Explain  the  manner  In  irblch  the  oij'ilatlen  sf  matter  takes  place  througb 
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The  subslanccs  induded  in  tlio  first  class  are  exclusivoly  the  protein  com- 
pounds, viz..  wgdable  fibrine  [gluten),  vegetable  albumen,  veyeCabk  caseine,  ani- 
mal fiesh  and  blood.  Tlieao  only  have  tlie  power  ol  roproducing  muaculat 
and  nervous  material,  and  these  only  can  afford  nourishment  and  support  in 
the  strict  sense  of  the  term.  In  a  state  of  great  puritj-,  these  bodies,  however, 
are  not  alone  sufficient  for  the  due  raainlenanee  of  the  vital  powers.  The  ex- 
periment has  been  frequently  tried  oo  animals,  and  always  with  a  negative 
result.  Certain  of  the  noo-anotined  snbstancea,  and  certain  salnio  compounds 
which  are  always  present  in  natural  food,  arc  also  required. 

The  elements  of  respiration  are /a*,  slarch,  gum,  sugar,  alcohol,  etc  Gelatine 
also  probably  belongs  to  this  class,  inasmuch  as  it  has  never  been  fbund  in 
the  blood,  and  is  supposed  to  be  converted  io  the  process  of  digestion  into 
sugar  and  ammonia  compounds.  Tiiese  substances  atone,  are  still  less  capa- 
ble of  supporting  life  than  tlie  simple  protein  principles, 

829.  The  quantity  of  food  required  fay  an  animal  for  purposes  of  nutrition 
or  respiraljon  varies  greatly  under  different  circumstances.  When  the  waste 
of  muscular  or  nervous  material  is  grcal,  a  large  supply  of  nitrc^cnized  food, 
or  that  ridi  in  the  eleraonla  of  nutrition  will  be  required.  When  the  body  ia 
exposed  to  severe  cold  or  to  violent  eserdse,  the  loss  must  bo  wet  by  a  pro- 
portionate increase  in  food  rich  in  the  elements  of  respiration.  In  the  Ibod 
most  abundantly  provided  by  nature  for  ftuiinnls,  the  cereal  grams,  vegetables, 
and  ordinary  meat,  both  forms  of  nutriment  abound.  In  tropical  countries, 
where  the  loss  of  animal  heat  is  small,  and  where  muscular  power  and  mo- 
tion are  less  required  and  employed,  the  waste  of  tno  body  is  greatly  dimin- 
ished, and  a  comparatively  small  quantity  of  Ibod,  both  for  fa^l  and  noorish- 
mcnt,  Is  required.  The  inhabitants  of  such  countries,  therefore,  live  mtunly 
on  rice  and  iruits — substances  whicti  contain  a  targe  amount  of  oxygen,  and 
are  therefore  lesa  adapted  to  furnish  animal  heat  by  oxydation  in  the  blood. 
The  desire  for  animal  food,  under  such  circumstances,  is  very  slight,  and  ia 
sometimes  altt^ther  absent  In  cold  countries,  on  the  contrary,  a  greater 
quantity  of  the  elements  of  respiration  is  needed  to  generate  the  proper 
amount  of  heat,  and  at  the  same  time,  as  the  air  is  much  colder  and  therefore 
more  condensed,  a  lat^r  quantity  of  oxygen  is  taken  into  the  tungs  at  each 
inspiration.  The  inhabitants  of  such  countries,  therelbre,  consume  enormous 
quantities  of  food  of  a  fatty  nature — s'lbstanees  rich  in  tiydrogen  and  emi- 
nently combusHblo,  and  which,  weight  for  weight,  generate  a  lai^r  amount 
of  heat,  when  oxydated  or  burned  in  the  blood,  than  anj-  other  products  that 
can  be  taken  as  food.  Navigators  exposed  to  the  intense  cold  of  the  Arctio 
regions,  share  to  a  cert^n  extent  with  the  Esquimaux,  the  same  liking  for 
blubber  and  trmn  oil,  which  in  milder  latitudes  they  regard  with  aTersion. 

S30.  The  Git  and  oils  found  in  anunal  tissues  appear  to  be  stores  of  respi- 

QnEBTiosB— Cnn  theac  sutjBtnnwB  In  n  Elat/;  of  purity  alone  Bufflcc  for  fond  f    What 
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ratorj'  food,  lud  up  by  nature  against  l[me  of  need.  Thej  accniDulate  most 
in  tliB  system  when  lat  ilseff,  or  tiie  compounds  contMuing  its  olementa,  are 
Eapplied  in  excess  ub  food,  and  when  the  animal,  through  lacli  of  active  exer- 
tion, absortra  but  little  ox  vgen,  and  consequenOy  expciiuDOca  lint  little  waste.* 

When  the  supply  of  food  is  wholly  withlield  from  tbe  animal,  the  lal,  as 
the  most  combustible  substance,  and  tbe  one  moat  capable  of  supplying  car- 
bon and  hydrogen  to  meet  the  wants  of  resjriration,  rapidly  disappears.  Jffhen 
tiiia  has  all  been  consumed,  the  muscles  are  next  attacked,  and  last  of  all  the 
substance  of  tbe  brain  and  nerves ;  thi?n  insanity  iutcrvcnes,  and  tbe  animal 
dies,  hke  a  lamp  or  candle  that  has  been  burnt  out 

831.  The  main  diBbrence  between  beef  and  broad,  wliich  two  substances 
may  be  regarded  as  the  representatives,  or  tvp^s  of  animal  and  vegetable 
ibod,  is,  first,  that  the  flesh  does  not  contain  starch,  which  is  so  lai^  an  in- 
gredient in  vi^etable  products ;  and  eecoad,  that  the  proportion  of  fibrine  m 
ordinary  flesh  is  about  three  times  greater  th.in  its  corresponding  element 
gluten  (vegetable  fibrine),  is  in  bread.  It  therefore  follows,  that  a  pound  ot 
beef-steak  is  as  nutritive  as  three  pounds  of  wheaten  bread,  in  eo  fer  as  the 
nutritive  value  of  food  depends  upon  this  one  ingredient.  In  meat,  also,  fht 
to  a  certain  extent  represents  and  replaces  the  starch  of  vegetable  food. 

The  relative  nutritive  value  of  the  different  meats  is  as  follows ;  beef  is  the 
most  nutritious,  then  chicken,  pork,  mutton,  and  veaL  Of  vegetable  produc- 
tions, the  cereals  generally  rank  first  as  respects  nutritive  value ;  after  them 
come  the  seeds  of  leguminous  plants,  peas,  beuns,  etc ;  then  the  cabbage,  onion, 
turnips,  carrots,  potatoes,  rice,  and  watery  fruits.  "  Tbe  dried  potato  is  less 
nutritive,  weight  for  weight,  in  tbe  sense  of  supporting  the  strengtb  and  en- 
abling a  man  to  undergo  fatigue,  than  any  other  extensively  used  food  of 
which  the  composition  is  known,  with  the  exception  of  the  rice  and  of  the 
plantain."  Elsh  in  general  contains  more  fibrine  a 
and  is  highly  nutritions. 

Salted  meat  is  less  nutritious  than  fresh  meat 
meat  causes  Iho  fibers  to  contract,  and  tlie  juices  1 
Hence  fi^sh  flesh  over  which  salt  has  been  strewe 
of  a  little  time,  to  be  swimming  in  its  own  brin 
water  has  been  a^ded.  The  juice  thus  extracted  < 
of  the  nutritive  constituents  of  the  meat,  i.  e.,  all 
the  alkahne  and  earthy  phosphates.  Hence  the  cc 
cf  salt  provisions  occasion  a  disease  called  the  s 
becomes  impaired  mainly  through  a  lack  of  the  soil 
removed  from  the  meat  by  the  brine. 

•  Thia  principle  Ib  (.pplled  in  the  fatlenlne  of  anlmels,  by  compelling  them  to  remnin 
inactive  by  confinement  In  Blalla  or  pens,  and  at  ihe  same  time  >upplyini!  them  plouU- 


TslucB  of  different  me 


HnjtcdbyGoOglc 


ANIMAL    OROASIZATIOS    AND    PRODUCTS.       501 

TliB  preservation  of  fresh  meat  by  sallicg  ia  duo  to  s.  eeparatioii  of  its 
■water,  to  an  esclusion  of  air  througli  a  contraction  of  tUe  Ubers  of  tlie  meat, 
aad  upon  tbe  Ibnuation  of  a  compound  of  tbe  flesh  and  the  eolt,  wbich  does 
not  readily  undergo  decay. 

832.  KeUtUn  between  Animals  and  P 1  a n t s .— All  the 
varioua  forma  of  matter  wbieh  are  esaential  to  the  eiistanoe  of  living  owan- 
i3ma  are  in  a  constant  stale  of  circulation.  Tbus,  the  essenUal  constituents 
in  the  fbrmaOon  of  vegetablo  products  are  carbonic  acid,  anamonia,  and  water. 
Plants  absorb  tliese  from  the  soil  or  from  the  atmosphere,  anj,  under  tlie  in- 
fluence of  sun-light  and  the  vital  principle,  reairange  and  oi^auize  them  iuto 
vegetable  tissue,  starch,  sugar,  fat,  and  tlie  protein  compounds.  These  sub- 
stancos  constitute  the  food  ofani^nals,  and  after  employment  in  their  systeioB^ 
and  after  passing  through  various  decompositions,  they  are  again  restored  to 
the  earth  and  the  atmosphere  in  the  form  of  carbonic  acid,  natfr,  and  ammo- 
nia :  and  are  once  more  rendered  capable  of  assimilation  by  plants.  Thus  an 
nnintcrrupted  and  perpetual  chain  of  vital  phenomena  is  established  from  in- 
animate matter  to  the  living  plant,  and  from  the  living  plant  to  tbe  living, 
sentient  animal,  and  the  products  of  one  order  of  beings  bucome  the  suste- 
nance of  the  otlier. 

833,  ConoluHioo  . — "  What  has  been  called  oi^nje  chemistly  is  no- 
thing but  a  name,  and  a  wrong  one.  Tliere  is  really  no  EUch  science  ;  it  ia 
only  the  chemistry  of  inorganic  forma,  of  substances  that  have  been  living 
but  are  now  dead — of  the  mere  reftise  and  remains  of  organization.  The 
composition  of  those  tavored  materials  from  which  the  v^;etable  world  weaves 
its  tissues — water,  carbonic  acid,  and  ammonia — is  known.  The  composition 
of  the  proximate  prinoiples  which  are  cxtractablo  by  easy  processes  from  dead 
pknts  and  animals,  is  also  known.  But  the  composition  of  the  truly  living 
Ussues  neither  is,  nor  can  be  understood.  They  die  the  moment  chemistry 
puts  her  Bnger  on  them.  She  can  traco  the  constructive  elements  into  llie 
structure  of  the  living  animal  or  plant,  and  out  of  it,  but  not  in  it.  What 
may  be  their  mode  of  arrangement,  or  of  their  possible  ii^rcdients  in  matter 
whioS  is  genuinely  alive,  scientific  investigation  fails  to  reveal.  The  living 
frame  of  the  meanest  animal  or  plajit  is  sacred  and  enehauted  ground,  where 
the  chemist  can  only  lake  the  shoes  off  his  fcet  and  confeaa  the  sanctity  and 
inviolability  of  life." 

■adplunte?    What  duee  oi^anic  cliemiatryreallr  coadder?    Do  ire  actuilljknov  tlie 
eompaeilJotl  of  a  Urli^  tUflue  ? 
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Apparatus  — The  apparatus  essentiul  for  iilustrnting  and  racHitating 
tho  study  of  chemiEtry,  need  not  be  of  necessity  expensive  or  complex.  Witli 
the  somewhat  popular  idea,  however,  that  a  course  of  experimental  chem- 
istry can  be  sucoessfuily  conducted  with  an  apparatus  improvised  from  a  few 
bottles,  tobacco- pipes,  and  glass  tubing,  the  auctior  has  no  sympatliy.  Chem- 
ical experimenls  are  most  easily  and  successfully  performed  with  apparatus 
e:<pecially  constructed  for  tha  purpose,  and  what  is  saved  in  expense  by 
using  imperfect  and  unsuitable  maturiala,  will  be  more  tlian  lost  in  time  and 
vexation  of  spirit.  It  is  no  doubt  true  that  many  eminent  eliemisla  liave  in- 
stituted important  investigations,  and  performed  brilliant  experiments,  with 
exceedingly  simple  or  imperfect  apparatus;  but  it  is  also  eignally  true,  that 
the  tact  and  ability  required  to  overcome  the  inherent  difficulties  of  such  an 
uodertaking,  have  been  deemed  sufficiently  singular  to  occasion  especial 
commeut  In  short,  it  is  only  the  operator  rendered  skillful  by  long  expe- 
rience and  practice  who  is  able  to  work  successfully  in  chemistry  with  poor 
materials,  and  not  the  tyro. 

We  believe,  therefore,  tho  most  practical  advice  tliat  can  be  ^ven  to  teachers 
and  students  who  are  lacking  in  experience,  is  to  procure  vhe  very  beat  appa- 
ratus their  resources  will  adroit  o^  as  being  in  the  end  tho  clieapest  and  most 
eerviceable. 

In  purchasing  apparatus  it  will  be  found  advisable,  also,  to  first  send  lo 
some  one  or  more  of  the  prominent  dealers  in  Boston,  New  York,  or  Phila- 
delphia, for  an  illustrated  and  priced  catalogue  of  then'  stock.  In  this  way 
tlie  purchaser  will  be  enabled  to  make  liis  selections  most  judiciouaiy  and 

The  following  articles  will  be  Ibund  most  aerviceablo  and  indispensable  for 
a  short  course  of  chemical  experimentation; — A  copper  flask,  with  adjustable 
tube  and  collar,  for  generalmg  oxygen  gas;  a  retort  stand  with  movable 
rings  of  vatious  sizes;  a  glass  {4  oz.)  spirit-lamp;  2  dozen  teat  tubes  and 
stands ;  2  wide-mouth,  stoppered  glass  jars,  or  receivers ;  2  tall  and  plain 
cylindrical  air-jars  (see  F^.  87) ;  4  (o  6  flat-bottom,  thin  glass  flasks,  suitable 
ibrgeneradng  hydrt^n,  hydrosulphuric  and  carbonic  acid  gasea  (soe  Figs. 
101,  126,  130) ;  1  one  quarter  pint  stoppered  retort  and  receiver ;  1  one  lialf 
pint  do.,  plain;  a  gas-bag,  provided  with  stop-cock  and  bubble-pipe;  a  set 
of  small  porceUuD  basins ;  glass  tubing  and  small  glass  rods  for  stirrers,  @tc. ; 
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2  amall  g!asa  fiiEnola;  a  doflagratmg  lai3!o  ov  spoon;  a  small  wedgo-wood 
mortar  and  pestle;  a  blow-pipe;  platinum  foil  and  wire;  filtering-paper; 
test  papsra ;  set  of  cork-borers ;  a  aleel  spatula ;  a  atrip  of  sheet  caouteliouo ; 
a  round  and  a  tliree-coruered  file  Ibr  filing  corita,  cutting  glaas  tube,  eta ;  a 
nest  of  eartben  crucibles ;  aud  two  small  porcekin  crucibles. 

A  pair  of  gasometers,  oxygen  and  hydrogen,  arranged  in  suoh  a  way  aa  to 
admit  of  being  used  conjointly  as  a  compound  blow-pips  (see  F%.  102)  are  al- 
most indispensable.  Tliey  are  now  made  of  amall  size,  qnd  at  a  reiy  moder- 
ate expense,  and  conatituto  an  esoeedingly  durable,  serviceable,  and  oma- 
mental  article  of  laboratory  liirnituro.  A  Berzelius  spiritbimp  (see  Hg.  173) 
will  obviate,  to  a  great  degree,  the  necessity  of  ever  u^Dg  a  furnace.  The 
operator  can  easily  arrange  a  pneumalic  trough  after  any  cf  the  models  given 
on  page  19?,  to  suit  bia  own  convenience. 

In  addition  to  the  articles  thus  spedfied,  there  are  many  others,  such  aa  a 
small  galvanic  battery,  an  apparatus  Ew  decomposing  water,  specific  gravity 
bottles,  thermometers,  scales  and  weights,  etc.,  etc^  the  necoaaity  for  which 
will  depend  in  a  great  measure  upon  the  extent  and  fullness  of  the  course 
of  experimentation  prescribed  or  adopted. 

In  regard  to  chemical  reagenla,  llie  following  ia  a  list  of  the  more  impor- 
tant :  the  acids,  sulphuric,  hydrochloric,  nitric,  acetic  and  oxalic ;  potassium, 
Eodium,  ammonia  (a^a),  carbonate  of  ammonia,  sal-ammoniac,  phosphorus, 
caustic  potash,  carbonate  of  soda,  black  oxyd  of  manganese,  chlorate  of  pot- 
asfi,  alum,  aulphur,  bone-black,  iodine,  bleaching  powder,  acetate  (sugar)  of 
lead,  iodide  of  polasaum,  aulphato  of  copper  (blue  vitriol),  sulphate  of  irott 
(green  vitriol),  borax,  bi-chromate  of  potash,  ferroeyanide  of  potassium  (yel- 
low prusaale  of  potaali),  fluor  spar,  araenioua  acid,  metallic  antimony,  flne 
iron-wire,  ^ect  zinc,  tin  foil,  copper  turnings,  chloride  of  barium,  chloride  of 
stronUum,  Ume  water,  metallic  mercury,  chloride  of  mercuiy  (corrosive  subli- 
niate),  saltpeter,  nitrate  of  silver,  alcohol,  ether,  and  boea-wax. 

Of  the  above-mentioned  reagents,  it  is  recommended  to  have  tho  following 
(hi  aoiurion)  arranged  upon  a  convenient  stand,  or  tray,  in  clear  glass  bottles, 
fitted  witli  ground  glaaa  stoppers,  aud  of  tho  capacity  of  about  a  half  pint : 
sulphuric  acid  dilute ;  do.  strong  (oil  of  vitriol) ;  nitric  dilute ;  do.  concen- 
trated; hydrochloric  acid ;  acelicacid;  oxalic  acid;  aqua  ammonia ;  carbonaio 
of  ammonia;  chloride  of  ammonium  (saJ  ammoniac);  chloride  of  barium ; 
lime  water;  caustic  potash;  caustic  aoda;  carbonate  of  soda;  sulphate  or 
copper;  ferroeyanide  of  potassium ;  dilorine  water ;  ehlorideof  mercury  (cor- 
rosive sublimate) ;  bi-cliromate  of  potasli ;  sulpliindigotio  acid;  acetate  of 
lead  perclloride  of  iron;  alcohol  and  ether.  Also  the  following  in  solution 
1  or  •>  ounce  bottles;  iodide  of  potassium;  nitrate  of  silver;  chloride  of 
flat  nura  Reagent  bottles  siiilable  for  this  purpose,  with  printed  labels  and 
forn  ula  n  ay  be  obtained  of  all  dealers  in  chemical  apparatus. 

Most  of  the  reagents  needed  for  ordinary  chemical  experiments  are  ex- 
tee  1  nglv  cheap,  and  may  be  procured  of  any  druf^t. 

The  leather  would,  however,  do  well  to  bear  in  c^ud,  that  if  his  reaouroea 
ia  apparatus  ond  chemical  reagents  are  limited,  !io  ;-an  supply  himself,  ahnoal 
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witbout  cost  and  witli  but  little  trouble,  n'itli  abundant  materiola  for  ^eIlde^ 
ing  bis  instructioLis  botb  inC«resting  aud  practical  I'bus,  he  haa  in  the  com- 
niOD  varietiea  of  coal,  gas-caiijon,  plumbago  (black-lead),  coal-tar  and  coal- 
oils,  all  readily  accessible — the  bast  niaiBrials  for  illuatrating  tlie  study  of 
carbon ;  aud  in  wood-aslica,  common  potaab,  carbonate  of  soda,  Jime,  mar- 
ble, spar,  oysKr-ahella,  gypsum,  ehalk,  Epsom  sails,  common  salt  and  alum, 
the  best  illustrations  of  tlie  alkalies,  the  alkulino  eartlis,  and  tlieu'  compounds. 
In  like  manner,  apeoimena  of  moat  of  the  ores,  the  common  metals,  and  thtir 
oxyds,  the  products  of  the  smelling  furnace,  tho  glass-house,  and  Ihepotlcrj', 
witli  a  great  variety  of  organic  compounds,  may  be  eaaily  collected  ;  and  it 
is  by  such  simple  and  common  objects  that  the  applications  of  chemistry  lo 
the  wanbi  aad  employment  of  every-day  life  ara  mado  most  &miliar. 

The  operator  will  also  find  it  an  advantage,  in  preparing  and  arranging 
apparatus,  to  have  some  work  on  diemicai  manipulations  for  consultation  ; 
such  as  MorfHt's,  Noad's,  or  Williams'  Chemical  Manipulations,  or  Bowman's 
Practical  Chemistry. 


The  present  work  consUtutLS  the  third  of  a  Series  of  Educational  Test- 
books  on  Scientific  Subjects  arrangcil  upon  tlio  same  general  plan  by  the 
same  author — tlio  two  others  bemg  "Wells'  Natural  Philosophy,"  and 
"Wells'  Science  of  Common  Thmgs. 

It  has  been  the  aim  of  t!  e  anther  to  render  those  works,  in  the  highest 
sense  of  the  term,  practical,  and  at  the  same  time  interesting  to  the  student. 
Advantage  has  also  been  taken  of  the  very  latest  results  of  Boientific  discovciy 
and  research. 
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